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MAGNOLIA METAL 


USED BY TEN LEADING GOVERNMENTS 


The Best. Anti-Friction Metal 


for all Machinery Bearings. 
For Sale by all Dealers. 
BEWARE OF FRAUDULENT IMITATIONS. 


MAGNOLIA METAL CO., 
Owners and Sole Manufacturers, 
266, 267 West St., NEW YORK. 


Chicago Office, Traders Building. 
London Office, 49 Queen Victoria 8t., London, E, 0. 
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Air Compressors. Rock Drills. 


PULLEYS and 
We manufacture Air Compressors suitable for all kinds of work, and a variety covering every 





Cc O vi x R ESSO RS size, from the small Belt-driven Compressor for small shops and pumping small quantities of water 
ESPECIALLY DESICNED FOR up to the large Corliss Compound Compressors for the greatest manufacturing or mining plants of 
s HOP U SE the world. Asan instance of the wide range covered by Compressors of our make, we name the 

bd following that we have recently furnished, all of whom are equally distinguished in their line: 

— Newport News Shipbuilding Co., Newport News, Va.; Duplex Compressor for operating a large 
number of pneumatic tools: Hughes Bros. & Bangs, Bellevue, Del.; Valdosta Water-Works, Val- 
dosta, Ga., for pumping water; the Manhattan Elevated R. R. Co., New York, for_machine-shop 
purposes; Walker Co., Electric Works, Cleveland, O.; Harrison Granite Co., Barre, Vt.. pneumatic 
tools; L. L. Manning, Plainfield, N. J., Marble Works; the Anaconda Copper Mining Co., Butte, Mont. 

_ Our Catalogues give information of Air Compressors and other subjects relating to the applica- ‘ 
tion of Compressed Air. 
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Original 
Features 


are possessed by this regulator that have paced it far 
in advance of competition, and have made it’ the 
standard for thirteen years. 


The Curtis 
Steam Pressure 


Regulator 


is made entively of metal; is very simple and sensitive; will invaria- 
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Fig. 1. From a Photograph. 
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Fig. 2. Diagram of Dimensions and Weights. 
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Simple Position. Compound Position. 


Showing Positions of Auxiliary Valves. 


BALDWIN TWO-CYLINDER COMPOUND ie 
W. H, Lewis, Superintendent of Motive Power. 
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intercepting -Valve—Simple Position. 
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iD LO@DMOTIVES—-NORFOLK & WESTERN RAILWAY. 


G. R. HENDERSON, Mechanical Engineer. 





Fig. 4. intercepting Valve—Compound Position. 
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Fig. 5.—Sections of High Pressure Cylinder. 
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Fig. 7.-Frames and Valve Motion. 
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Fig. 8.—Selections from Indicator Cards—Half Size. 
BALDWIN TWO CYLINDER COMPOUND LOCOMOTIVES-—NORFOLK & WESTERN RAILWAY. 
G. R. HENDERSON, Mechanical Engineer. 






W.H. Lewis, Superintendent Motive Power. 
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Fig. 6.—Sections of Low Pressure Cylinder. 
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Fig. 9.—Receiver and Front End. 


working, the steam from the cab valve is exhausted, where- 
upon the excess pressure on the underside of the reducing 
equalizing valve immediately lifts it so that live steam can 
again pass to the receiver, the intercepting valve having in 
the meantime gone to its original position, by the assistance 
of the spring in the front head, and also by the receiver pres- 
sure acting against the front end of the valve. The practical 
results of this arrangement can be seen by inspecting the 
indicator diagrams, which were taken from one of the engines 
while in its regular work on the mountain divisions of the 
Norfolk and Western Railway, and the tabulated data given 
shows the relative amount of work done by the two cylinders 
from which it will be seen that quite a close equalization has 
been obtained, and it will also be noticed that the indicated 
tractive power is very high. 

In connection with the cylinders, the arrangement of frames 
is original. The upper bar of the main frame butts against, 
and stops at the back face of the cylinder, while the lower bar 
of this frame extends as far as the front end of the cylinder, 


having a lug forged on the end in order to wedge the cylinder 
tight. The top front end frame is spliced to the main frame 
with a long extension, and passes over the top of the cylinder, 
extending to the bumper. The bottom front end frame has no 
connection with the main frame, but is secured independently 
to the cylinders, extending from the bumper to the back 
cylinder face, to which it is wedged. This results in making 
the lower front end frame practically a straight bar from the 
cylinder to the bumper, and avoiding the curve or goose neck, 
which is often necessary in order to clear the truck. This 
arrangement necessitates more novelties in the detail design 
of the cylinder and the arrangement of ribs or arches con- 
necting the lugs to which the frames are bolted, evidently 
giving great resistance to the casting at this point. 

The arrangement of the receiver in the smoke box is new, 
and deserves particular mention, as by this means any part 
of the receiver can be taken down without disturbing the 
other connections, and it also leaves plenty of room for the 
inspection of the smoke box and netting. The link motion 
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has been so arranged that the use of hooked or bent eccentric 
hods has been avoided and a link of comparatively long 
radius introduced. The link die pin passes through a bar, 
which is supported at one end by the lower end of the rocker 
arm, and at the other end by a link having the same length 
as the lower rocker arm. In this arrangement the motion of 
the block is exactly the same as if it were secured directly 
to the rocker, and as it is attached between the supports of 
the carry bar instead of overhanging at one end, the rigidity 
of the parts will be much improved. 

The cab is made of sheet steel, lined with wood, and is very 
roomy and comfortable. The crank pins and main driving 
axles were made of 3% per cent. nickel steel, and the main 
wheel centers were of cast steel; the others being cast iron. 
The first, second and fourth driving axles were of hammered 
iron; the object of this special arrangement being to give the 
greatest strength where needed at the main axle, and not to 
increase the cost unnecessarily of the other axles that seldom 
give trouble by breaking. The engines are fitted with the 
Westinghouse and American equalized driver brake, with the 
double Leach sanding apparatus and magnesia sectional lag- 
ging. 

It should be added that the various features relating to the 
compound device are covered by existing patents, or by others 
which have been applied for and not yet granted. The follow- 
ing table is given for the purpose of comparison with other 
designs: 















GAUGE ....eccececccccccccseceeeeeeeee Seesserenseeeeeeeeesseeeeeeesnes 4 ft. 9 in, 
Diam. driving WhEEIS .......cccccccescceececeecreccecensseeseneeeeeenens 56 in 
Ww heel centers, DN... Un cnn pate eneesée ses bsknegwn MhesiebeeReUe cast sheet 
eee ee Pore cast iron 
ee. Lk CaN be) APSE SSOCRESOREN CS HEb0RdN 08s 00 RSs SR CeNS Latrobe steel 
CD cg ce cccdeceapene sepesvccssssvececoseccaneess 24 ft. 6 in, 
Rigid wheel base .........cccccccccccccccccccces covcesecscssessvens 15 fit. 6 in. 
Diam. driving axle bearing ES a re er 84 in. 
Length *  % iscccccccvccccccceee. cvverevccscccscccccccs 10% in. 
Main driving axle 
Other re ‘ 
Diam. main crank pin bearing séeiduviese Seiueseseeebanauscaneee 6% in. 
comet Fe" abe seg teneesocccccccesesescnessseesences Tin. 
Diam. main side rod bearing Sup ewdpe esa Peneasanseessteabessbanneebenn 7 in, 
Length ‘f ‘f = #8 BF abet een nneeeececeeeeeessaeerseeeeeeseeeeees 5 in. 
Diam. intermediate** Te ‘cinder KehaKCOen Nab eebededeaeebees meee 6 in, 
Length FS nag anksun seks oaesscheneaaneesebsaaeheenee 5 in. 
Diam. Ist, 2d and sth side rod bez LTUNG cee ee eeeee ceceeeeeeeeereeeoess 5 in, 
a rr ates whessewecnes ech caaaknaee 3% in, 
CD ahr wa pencind'eccn bed besnsdne0es cb devenseacedenssenes nickel steel 
A. 5.6 ciel etnboed 50 04s0s 4esseneeeenesens sReneEnEe 30 in, 
a rs ci asis Suh eh Sis bObEEEEEEE cast iron, steel tired 
Diam. truck axle bearing ...............- : se 6 in 
Length ‘“ Pe sl 8 9 SOS eee seek 
er es a ends cece sp bhssccsncacesbes ‘ 
Diam. high pressure NINE oiik sais 5 vekviyé0ssnn segucnceabes ames uelien 
low OO iv cdunk kee doen bev ssndennseceana eee 
Length of SE Er ee ee eM 
I A ND vn scnesuiswenedesscbensssnenestessoneseccsesegubanesee 85 in 
NE fo cous cubehacsnennccesaxessecsscqnseucneaetd shifting link 
ee sea tak Pbseonnens a ksse ured MeeenNeeaeeee 5% in 
Lap of valve DULCEREUKb cSeetacbccunqhweasiasussoaen cennes éungedese Shean lin. 
ee ee eo oe crac eaucidb ieee etcenenusan ee bneneeeeul 1-16 in, 
Length of steam ports iu cibkbias the tenss<atnsenneoss petenesaescsseueene 24 in, 
ee | gee ..-2% in, 
6 co cten manannes Seabees heen 3 in, 
Center to center of frames 44% in, 
Minimum external diam, of boiler ....68 im. 
Maximum 11% in. 
ee oan ota cebance wienesssanaee extended wagon top 
ee a 6 oc cce se ncncseedescnatecasnepsese eters 8 ft. 6in 
ee ns occas ihn ae eb Ves bed ene SAG aeEMOpeOnSe AIAN 306 
ah a nc whe Hanne cee boned eeebeniee Sanne 2% in. 
ns cu vewecesccedsunetenaaavbaeeenee 14 ft. Sin, 
Heating surface rrr TT rere 2,598.5 sq. ft. 
<order 197.6 sq. ft. 
Sa ee PU ubeukwsSecane skids vanseass acess sawasesore 2.796 sq. ft. 
Length of fire box ee 10 ft. Lin. 
Width ‘“ Libakechinses baud uke 3 ft. 54 in 
Height “ “ EE Rid anewawseos ta sdves ciseeakivenebeeeeen 6 ft. 2in. 
ee Gace cei iabkahetawe tAeSoendepiivensundaseenseshie 365 sq. ft. 
Minimum diam. of taper smoke stack..............cesccscscscscceces 16 in. 
ee ee DOT ODED si sncn.nss cede seencoctesebaeweten 146 ft. 3in. 
ee eee ii cicads sbinndessssbneues ev eedinaacanen 12 ft. 4in. 
rr cic cchecmecepadveeciovses kaees Saueedeuawe een 5% in. 
BOMEr POBBUTS .....0cccccccceccccccseesses seceee cocscccccevecesccces 200 lbs. 
Weight of engine, BE Gi pakimastesenscSdacensecendpaeeamiaee 161,000 Ibs. 
working order innione athks ean eeaere 185,700 lbs. 
x Elli. il LEE a ARTIC RRE RES SIE SEES 165,600 Ibs. 
i ** ‘truck, Y.-S... Sceunauddawiuecsgeeiea hank 20,100 Ibs. 
DTS sect ashbaviessbesebhbeesissaraconce cas Westinghouse and American 
Leach sanding apparatus, double. 
Magnesia sectional lagging. 
i SUG cp Resins cndses0esédds0shepneececcecceseanhastel 4,000 gals. 
eee ie ehebeanaeiee sites msiendcascucavasenss oak 17,000 Ibs. 
Diam. tender wheels ENbASNDSOSS eed EHD: HRS b00-2 ae bsencAebesebagukenee 33 in. 
Et Ee Eo 5 ad os ob k id deued hbo bouewebeb oe sencen cast iron 
Diam. tender truck journals teddies ceahekwenddtedadnoseuee 4% in. 
i NR a REE ie: Pe RD Re OE BIG in. 
Weight of tender, ompty (hivchidSiaenetenerendes secdinundipacnee 34,700 Ibs. 





NEW 60,000-POUND COAL CARS—LAKE ‘SHORE & MICHI- 
GAN SOUTHERN RAILWAY. 


This design is for special service in the coal and ore 
trade from Lake Erie ports and for use with the McMyler 
unloading machine. In this machine the car is tipped endwise 
at an angle of about 45 degrees and a lifting end gate allows 
the coal to slide through the open end, over an apron and 
directly into the hold of the vessel. This admits of no projec- 
tions that would interfere with the easy sliding of the coal, 
either to crush it or form pockets that would hold it. In this 
service the cars are loaded to their full capacity and often to 
the full amount of excess weight allowed. Although of a 
marked capacity of 60,000 lbs., the box is sufficiently large to 
hold 66,000 lbs. of coal, and the construction throughout is de- 
signed to carry this load in regular service. The body of the 
car is known as Class F-6 and the truck Class L-6. 

The general dimensions of the car are as follows. Five hun- 
dred of these cars have just been built by the Buffalo Car 
Manufacturing Co.: 





In, 
Length over qo ED sénssees ee 
Length inside box ............. 5% 
Width over side *sliis Reesaceuen 9 
es i iaten ons aces ne niacesaveseer dskanersceuseushs 3 
Height to ~~ Rey en ore 6% 
Height over brake shaft 6% 
(| al SCARE Serer rey eee» 5% 
Length of drop opening 4 
Width 10 


There are eight longitudinal sills of long leaf yellow pine. 
The side sills are 4144x12 in., with 4-in. lips under the end 
sills. The center and intermediates are 414x8 in., spaced 8 in. 
apart, the outside intermediates being spaced 10% in. from 
the side sills. The end sills are of 8x8 in. white oak, extend- 
ing 3 in. beyond the faces of the side sills. The drop door 
sills are of 444x8 in. white oak, framed between the center 
and outside intermediates. The cross tie timbers are of 444x 
12 in. white oak, spaced 6 ft. 6 in. apart. 

The body bolsters, located 5 ft. from each end, are formed of 
three members, the upper one, %x8 in., in sections, being 
on top of the floor timbers and lipping under tne side sills. 
The ends of the bottom member, which is %x8 in., in sec- 
tion, are turned up and butt against the top member, while a 
malleable casting secured with bolts firmly unites the ends 
and forms a truss rod saddle. The center member forms a 
support for part of the floor timbers, and combined with the 
central part of the bottom member forms a separate truss. A 
malleable distance piece secures the members at the center. 
The side bearings are of cast iron and the center plates of 
pressed steel. There are four 1% in. body truss rods with cast 
iron bearings 10% in. deep bolted to the cross-tie timbers. The 
sub floor timbers are of 5x5 in. yellow pine, extending from 
the draft rod cross timbers to the centers of the body bolsters. 
Similar pieces are fitted between the cross-tie timbers and 
from the cross-tie timbers to the draft rod cross timbers. 

In the floor near the center of the car are four drop doors 
for unloading through the floor when desired. The surface 
of these doors is flush with the top of the floor so that no 
pocket is formed to catch coal when in the unloading machine. 
The locking mechanism for these doors follows the principle 
of an ordinary doorlatch, except that the spring latch is on the 
sills instead of the door. The doors are closed by a chain 
winding on a drum. When closed the latch automatically 
locks the door, and the arrangement is such that the door can- 
not be left nearly closed supported by the chain. The sides of 
the box are formed of 3 in. plank supported by 9 strong stakes 
in malleable iron stake pockets. Two stakes on each side are 
longer and lip over the ends of the cross-tie timbers. At the 
ends the sides are held in position at the top by an oak strut 
and a tie rod. Several years’ experience, with this form of 
construction and size of material, shows that the sides are 
sufficiently strong to withstand the Joad without spreading. 

The end doors lift to permit the load to dump. as already 
mentioned. The brake shafts are put at the corners to be out 
of the way. The end doors are of 5 planks 3x10% in., stif- 
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Longitudinal Sections of Car. 
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Underframe, Doors and Floor. 
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Sections of End Gates. 


60,000-LB. COAL CARS-—LAKE SHORE AND MICHIGAN SOUTHERN RY. 


For Use with McMyler Car Dumping Machine. 

















fened by 4 wrought iron straps, and protected by bands of 
wrought iron. The doors carry lugs, which enter socket 
plates in the floor, and lifting stirrups at the top edge are 
used to raise the doors. The guides for the ends of the door 
are made by a 3x3 in. angle on the outside and a series of 
stops of 3x4 in. iron on the inside of the door. The doors do 
not lift out entirely when raised. Eight auxiliary stake pock- 
ets of 2144x\% in. wrought iron are provised. The flooring is 2% 
in. long leaf yellow pine laid crosswise. The drop openings, 
four in number, are 2 ft. 4 in. by 22 in., and are located be- 
tween the intermediate and center floor timbers. 
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Section Showing Body Bolster. 


The draft timbers are white oak, 5x7% in., extending to the 
body bolsters. The draft springs are double, with two coils 
each. Gould draft arms are used, each being connected to the 
draft rod cross timbers by a one-inch rod passing through 
a lug on the outer side of the arm. Two % in. rods connect 
the draft rod cross timbers. 

The trucks are of the rigid, diamond frame type, with two 
types of bolsters, American steel and the Simplex. The draw- 
ing shows the latter. The spring plank is a 12-in. 30-lb. steel 
channel. At the bearing between the bolster spring plates and 
the truck bolster a pocket is formed in the end of the bolster, 
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One Half of Truck Bolster. 


which takes a block of oak about 12 in. square and of a vary- 
ing thickness. By changing the thickness of this block the 
height of the coupler above the rail is readily controlled. Mal- 
leable iron journal boxes, having round bottoms, are used. 
Steel axles, 600-lb. wheels, graduated bolster springs and steel 
center plates are parts of this class of trucks. Attention is 
called to the large radii of the bends in the arch bars, made to 
insure against fracture in what are ordinarily sharp corners 
The journals are the M. C. B. standard for 60,000-Ib. cars. 

The following special equipment was furnished: Brakes by 
the Westinghouse Air Brake Co.; National Hollow Brake- 
beams, “Peerless” air brake hose; Gould couplers; Cleveland 
Forge & Iron Co.’s turn-buckles, Lappin brake shoes, one-half 
the springs by the A. French Spring Co., and the other half 
by the Chas. Scott Spring Co., McCord journal boxes and Soule 
dust guards. The malleable castings were made by the Na- 
tional Malleable Castings Company. Gould spring buffers were 
used on 200 of the cars, 100 had the American steel bolster. 
A lot of 500 similar cars were ordered for the P. & L. E. R. 
R., from the Michigan Peninsular Car Co. We are indebted 
to Mr. A. M. Waitt, General Master Car Builder of the Lake 
Shore, for the drawings and information concerning these 
cars. 


PROFESSOR GOSS ON THE AIR RESISTANCE OF TRAINS. 





An elaborate series of tests on the air resistance of trains 
made by Professor Goss of Purdue University, and described 
in a paper before the Western Railway Club in April, throws 
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a great deal of light upon the hitherto obscure question of 
how trains are affected by the atmosphere. 

The experiments were made upon small models, constructed 
to a scale of 1-32 of the size of the ordinary box car, the as- 
sumption being that relative resistances will be directly pro- 
portional to the surfaces of the cars, and that conclusions 
drawn from the small models will apply to the full size trains. 
Professor Gos3 presents the matter for practical use in the 
form of equations, in which the factors of the length of the 
train and the area of cross sections are considered, the head 
resistance and the resistance of the cars being provided for 
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Draft Rigging. 


independently. Tables worked out from these formulae give 
the horse power and tractive power required for speeds of 
from 10 to 100 miles per hour, with the locomotive and tender 
running alone and with a train. Tables are also given, show- 
ing the resistance of trains both with and without the locomo- 
tive, the length of trains being from 100 to 2,000 feet. These 
three tables sum up his results in a very convenient form, 
which, if the assumption referred to is correct, will be ex- 
ceedingly valuable. 

The apparatus consisted of a wooden conduit, 20 by 20 inches 
in section, by 60 feet long, the sides of glass and air tight. 
The air current was furnished by a blower, giving a maximum 
velocity of 100 miles an hour, the velocity being measured 
by Pitot’s tubes. The model cars were placed near the center 
of the conduit, each being provided with a dynamometer for 
measuring the resistance, without attempting to obtain any 
data on side resistance. The limits of the velocities were 25 
and 105 miles per hour, and the number of models used was 
from 1 up to 25. The conclusions drawn are quoted as follows: 


The force with which the air current acts upon each element 
of the train, or upon the train as a whole, increases as the 
square of the velocity. 


The effect upon a single model, standing alone, measured 
in terms of the pressure per unit area of cross-section, is ap- 
proximately 0.5, the pressure per unit area as shown by the 
gage recording the pressure of the air current. 


The effect upon the different models composing a train 
varies with different positions in the train; it is most pro- 
nounced upon the first model, the last model coming next in 
order, then all the intermediate models excepting the second, 
and least of all is the effect of the air upon the second model. 


The relative effect upon different portions of the train is 
approximately the same for all velocities. 


The ratio of the effect upon each of the several models com- 
posing a train, measured in pressure per unit area of cross- 
section, compared with the pressure per unit area of the air 
current, as shown by the gage is approximately: for the first 
model 0.4; for the last model 0.1; for any intermediate model 
between the second and last 0.04; and for the second model 
0.032. 


The chaotic condition of the experimental work on train 
resistance, involving, as it does, wheel, axle and flange fric- 
tion; the resistance of grades, curves, and atmosphere is most 
unsatisfactory, and it is apparent that tests which attempt 
to take all of these into account simultaneously will furnish but 
little information, and this unique and admirable investigation 
seems to be a forward step in clearing up a part of this trouble- 
some problem, the tendency of this investigation being to 
show that the results figured from the formulae hitherto in 
use are much too high. It is to be hoped that supplemental 
reports will be made by the same experimenter upon the in- 
ternal resistance of locomotives. It will probably be too much 
to expect that the effects of side winds will be accurately 
known, but if the other factors can be isolated from each other 
the number of unknown quantities will be minimized. It is 
to be hoped that the exact relation between the resistance of 
the small model, and the full size car will be shown to supple- 
ment and corroborate these results. 
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THE CONSTRUCTION OF A MODERN LOCOMOTIVE.* 





IV. 





By Motive Power. 





Blacksmith Shop. 

Probably in no other branch of the work required in the 
construction of a locomotive has there been less improvement 
over hand methods or in introduction of machinery to take 
the place of hand work than in blacksmith work. While 
there is good reason for much of this there remains a great 
deal of work now done by hand or with indifferent facilities, 
which, with the application of a little thought and the adop- 
tion of improved methods, can be vastly improved, not only 
in quality but in quantity. The blacksmith shop may be very 
advantageously divided into two special departments, one in 
which the smaller class of work is done, and which should 
include bolt work and all of the machinery used in connec- 
tion with that and other small forgings, and the other a de- 
partment in which all of the heavy forging is done, and which 
can properly be known as the hammer shop. By reason of the 
difference in the requirements it will probably be found 
cheaper to have the installation pertaining to the hammer 
shop located in a separate building, specially constructed for 
the purpose of getting ample ventilation, and reducing fire 
risks. Both of these departments should be located conven- 
iently near to the machine shop, requiring the least amount of 
handling of the finished product to that point. The general 
arrangement of the facilities in either one of these depart- 
ments should be such that the work done in them will pro- 
gress in regular stages toward completion, and when completed 
have its location the shortest possible distance from the point 
at which it is to be used. All of the scrapping or making of 
iron, as well as the heavier forgings, is carried on in the 
hammer shop, at one end of which should be located, in close 
proximity to convenient tracks, the storage for scrap. The 
character, sorting, piling and other detail connected with 
handling of the scrap should receive the closest attention, 
care being used to avoid the introduction of pieces that are 
too small or pieces that are too large, the general character 
of the scrap when piled should be such that it will heat uni- 
formly with a minimum amount of waste, which would not 
be the case where a wide discrepancy in the size and propor- 
tion of the pieces which make up the pile exists. With the 
increased use of mild steel in standard shapes, and furnished 
in competition with iron, there is great danger that this char- 
acter of material will become mixed with the scrap, all of 
which is supposed to be iron. We know of no more simple 
and satisfactory method of sorting this out than that relying 
upon the man at the shear, who with proper experience can 
usually tell by the nature of the cut or fracture whether the 
piece is steel or iron. Al! of the scrap used should be thor- 
oughly “rattled,” and in quantities each day about equal to the 
consumption, for the reason that the scale or rest on the aver- 
age scrap if not removed in this way becomes loosened in 
the heating of the pile in the furnace, and in the average 
process of working this pile into a bloom there is no way for 
this scale to work out, and it will frequently show itself in 
the form of dirt in seams in the finished forgings. To avoid 
recorrosion this scrap should only be rattled in quantities 
equal to consumption. The facilities for rattling this scrap 
should preferably consist of two tumbling barrels, located in 
close proximity to the scrap stored, and provided with facili- 
ties for filling and emptying large enough to handle the ma- 
terial in large amounts. An installation of this kind in con- 
nection with the hammer shop will more than repay its orig- 
inal cost in the satisfactory forgings which will result from 
scrap prepared in this way. 

For the purpose of keeping track of the exact cost of bloom 





pe “For previous article see page M1 
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iron made directly from the scrap, it has been found satisfac- 
tory to issue an annual work order covering its manufacture. 
A record of the car loads of scrap received during the current 
month, with a record of scrap on hand at the beginning of 
the month, should be kept, together with a supervision which 
shall provide that on or about a certain date at the end of 
the month there shall not be more than the correct amount 
of scrap on hand, generally speaking not exceeding one-half 
car load. This will be found an easy and simple way of keep- 
ing track of scrap consumed during that current month. Each 
day or night product of bloom iron should be carefully weighed, 
and at some convenient portion of the bloom a small portion 
chipped off with an ordinary cutter, and the weight and date 
made stamped on with steel letters; the object in cutting off 
this small fraction is that this surface will quickly rust and 
make that portion of the bloom on which the date and weight 
is marked more prominent when these blooms are piled in the 
yard. All of the forgings made in the hammer shop, and 
made from this bloom iron, are charged with this iron, which 
is carried in stock in similar manner to other material, and 
the forgings paid for as forgings at so much a piece, which 
price has been determined on a tonnage basis. Unless ar- 
rangements are provided whereby the limit weight is set, 
we question the economy of the tonnage system in working up 
forgings, and believe for the reason that it is possible to de- 
termine a limit weight, that it is more satisfactory to arrange 
the price on a basis of so much per forging. Owing to the 
isolation of the making of bloom iron from the other kinds 
of forgings, every facility exists for determining not only the 
average waste of the scrap which is used, but the cost going 
into the manufacture of this bloom iron in all its details. 
There is danger in setting too low a price on the actual work 
required in working up the piles into blooms, and this price 
per ton should be such as to discourage scant working of the 
iron at this stage of its manufacture, as it has been found 
that a low price encourages scant working, and that the extra 
work required to make good the defects developing in forgings 
later on more than offsets the difference between too low price 
and one which would produce better blooms in the earlier 
stage of the operation. It will be obvious that some of the 
forgings required in the locomotive will require larger blooms 
than others, and to avoid unnecessary handling of heavy 
blooms for light forgings, a schedule of sizes or weights of 
blooms is prepared and used for determining the stock sizes 
of blooms which shall be made; the price and kind of blooms 
are governed by the type or class of engine under construc- 
tion, and for which the forgings are required. The amount of 
bloom iron on hand is reported at the end of each month, and 
comes under the supervision of the foreman of the blacksmith 
shop, who has charge of both the blacksmith shop proper and 
the hammer shop. 

Frames.—Too much care cannot be used in the forging of 
frames, and when finished they should have as few welds as 
possible. The backbone and one-half of each pedestal leg 
on all frames should be of one piece. Frames 28 feet long have 
been worked up in this way with quite ordinary facilities, 
with no difficulty, and when finished make a very satisfactory 
job. A forging of this character is made by continuous piling 
and working out of blooms taken from stock, each bloom 
being of such a size and shape that one can be made to lap on 
the other, and when well worked, form practically a continuous 
forging. For a frame whose cross-section would be about 
4 by 5 inches, the blooms used for piling on should have a 
cross-section equal to at least 6 by 8 inches. This will insure 
a thorough working down of the bloom into a smaller size, 
and complete homogenuity in the finished forging. As stated, 
the pedestal legs form a part of this forging for one-half of 
their length down from the back bone, and the intermediate 
braces have solid with them the other half of the leg, from 
the bottom up, so that the only welds in a frame of this type 
will be in each one of the pedestal legs at the center of their 
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length. This not only locates the welds where the least strain 
will come, but at a point where they can most easily be made, 
consistent with the keeping of the frames straight in piecing 
up, and allowance for expansion and contraction is more 
easily taken care of here than would be the case in back bone 
welds, or other old methods. Care should be taken in the 
making of the back bone in this way not to use too large a 
bloom for piling on, as the reduction to forging size at the 
juncture of the bloom and the finished forging is very apt to 
give a small section, which in the heated condition of the iron 
would break away. The working down of the bloom to a fin- 
ished forging should be done gradually, leaving a fillet of long 
radius; in other words, the difference in size should not be 
too abrupt. The use of shaped dies in working out inter- 
mediate braces, with their portions of pedestal legs, will be 
found very satisfactory and will reduce the time required and 
also make the forgings more uniform. The welds on pedestal 
legs above referred to should be of the double “V” type, one 
side of each “‘V” being made at a time, and the filling piece 
used in this form of weld heated in a separate heat. This 
will practically prevent an accumulation of dirt in the weld, 
and also enable the forgeman to observe the condition of the 
weld. 

Forging Presses.—Hydraulic forging presses of not less than 
1,200 tons capacity, and capable of making at least 50 strokes 
per minute at a maximum, will be found of great value in the 
hammer shop in getting out the smaller forgings, which are 
usually worked out entirely under the hammer. One of the 
advantages of this class of machinery lies in the fact that it 
practically completes the operation on the piece in one stroke, 
and, the wear on the dies being very much less than in the 
ordinary process of hammer work, more expensive dies can 
be used and their life is very much greater. With a machine 
of this kind forgings may be worked out with not exceeding 
1-16 inch to 1-8 inch finish, and in a large amount of the 
link and valve motion work the forgings made sufficiently 
close to size to only require a process of grinding for their 
completion. 

Fires and Oil Furnaces.—In connection with a press of this 
type an annealing furnace should be used, especially in con- 
nection with steel forgings. The action of forming forgings 
of intricate shape in one heat has a tendency to change the 
granular structure and reduce tensile strenth; this may be 
overcome by proper annealing and should by all means be 
resorted to where the forging is done in this way. In con- 
tradistinction to the hammer shop, the blacksmith shop should 
be equipped for all of the smaller grades of forgings, includ- 
ing bolts, etc., and it will be found with the introduction of 
machinery of comparatively simple kinds that the number of 
fires required in the ordinary blacksmith shop, where this 
machinery is located, may be very materially reduced. In 
this shop, and possibly some would prefer it in the hammer 
shop, all of the heating should be done by fuel oil supplied 
by means of a properly installed system and burners, which 
will give the maximum amount of efficiency with a minimum 
amount of oil. In this connection we would like to state 
that we do not consider any of the low pressure systems op- 
erating the ordinary forms of burners for burning this oil 
economical. While some of them are capable of operation 
without excessive smoke, it will be 1ound in almost all cases 
that the oil consumption per pound or hundred pounds of 
product is greater than with a satisfactory type of burner 
using high pressure air or steam for its operation. The only 
proper and satisfactory way to burn fuel oil is in the form of 
gas, and to do this it requires a high pressure for vaporiza- 
tion of the oil, and a proper generating chamber for the for- 
mation of the gas. The gas formed will be found to more 
conveniently heat and permeate every part in the furnace in 
which it is burned than any flame of burning oil directly 
from a burner can ever do. 

Bolts and Bolt Machines.—As the result of a large number 
of experiments it has been found that the ordinary run of 


bolts can be satisfactorily headed at one operation; in other 
words, without the use of top, bottom and side hammers on 
the average bolt machine, and bolts when made of iron, headed 
in this way, give a better distribution of the grain of the iron 
in the head than where they are repeatedly hammered into 
shape in the average bolt making machine. It will, however, 
be found for some sizes that even where the average bolt 
machine is left to do the work in this way that the ram moves 
entirely too fast for the work. It requires a certain amount of 
time for iron properly heated to flow, and the ram in the ma- 
chine must be timed accordingly to give satisfactory results. 
Dies for doing this work may consist of the ordinary gripping 
dies, which when together form practically one solid die, and 
the ram of the machine forming the other portion of the die 
practically making a closed die. The accuracy of alignment 
which it is necessary to maintain in the machine, will be more 
than compensated for in cheapness and large amount of the 
output. A very satisfactory form of machine for this purpose 
and in successful operation consists of two hydraulic cylin- 
ders, one of which operates the gripping dies and the other 
the heading dies. The cylinders are so arranged in connection 
with the operating valve that the gripping die will act first 
and the heading die second in the beginning of the operation 
and the reverse of this at the finish. A machine of this kind, 
capable of exerting not less than five tons pressure for every 
square inch of forging contact, or a total pressure of 35 tons, 
will be found exceedingly useful not only for bolt work but 
for other classes of forgings used on a locomotive, and in 
fact a great variety of small forging work where a large pres- 
sure is required and slowly applied. Experiment has demon- 
strated that the speed of this machine should be variable at 
will, and according to the character of the work which it is 
required to do. Five of these machines, varying in capacity 
from 35 to 60 tons, would be found equivalent to about twelve 
ordinary blacksmith fires. All of the iron required for bolt 
work should be cut to length, and can advantageously in 
some cases be cut sufficiently long so that two bolts can be 
made from one piece; in other words, a head made on each 
end and the bar afterwards cut in two in the center. We 
do not consider it good practice to make bolts of any kind 
where a thread is required on the end, from a bar heated for 
a large amount of its length. The scale which ordinarily 
exists on the bar is bad enough without making it worse by 
the additional scale, and frequently of a very much harder 
kind, which will form when the bolts are made in this way. 
Experience has demonstrated that the life of the dies used 
in cutting the threads on, bolts which are made from iron eut 
to length is fully one-third more than when they are used 
for cutting bolts made from the bar heated for sufficient of its 
length to make several bolts from the one heat, and these 
bolts cut off in the machine. With a proper oil burner and 
properly constructed furnace with perforated fronts, perfora- 
tions matching very nearly the size of the iron, heats can 
be secured on the iron in length just sufficient to make the 
required head, and we have seen any number of cages where 
the bolt iron cut to length, the heat was not sufficient in 
that portion of the iron outside of the furnace to discolor 
the threaded end. It isalsotrue that with this kind of heating 
there will be very much less oil consumed than in the case 
where from three to four feet of the bar is heated at one 
time and bolts cut off in the machine. The absence of large 
furnaces and that class of machinery which usually is ar- 
ranged in the hammer shop, which should be a separate build- 
ing, will do away to a very large extent with the excessive 
heat and dirt in the blacksmith shop such as we have de- 
seribed. The introduction of oil as fuel in furnaces which do 
not require any stack and which would properly burn the oil 
together with machinery for quickly forming, in carefully 
made dies, the smaller forgings required on the locomotive will 
so materially reduce the number of ordinary forge fires re- 
quired that this shop should be comparatively clean and cool. 
Such forge fires as are required should be equipped with oil, 
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thus doing away with the dust and dirt from ashes attendant 
on the use of coal. For the purpose of avoiding unnecessary 
rehandling of that class of material, the machinery for ma- 
chining and cutting bolts can be arranged in the blacksmith 
shop in comparatively close proximity to the point where the 
bolts are made, and the finished product delivered directly to 
the erecting shop where it is used. The accumulation of short 
ends of bar iron, unless carefully watched, becomes a very 
expensive kind of scrap, for the reason that the general ten- 
dency is to cut off lengths required from a full length bar, 
and ic frequently happens that ends left from bars of quite a 
respectable length will find their way into the scrap pile, and 
which would answer for the regular run of bolt work. At 
some convenient point in the shop a series of bins sufficient 
in number to cover the average range of sizes, should be ar- 
ranged to contain these short ends, and they should be regu- 
larly collected from the smith fires or points where they are 
likely to accumulate and put in these bins. The lengths which 
will average about the same should be selected from time to 
time and used up on running orders of bolt work. This will 
not only prevent pieces of excessive length accumulating in 
the scrap, but will use up the material more closely and eco- 
nomically. At the end of each month these bins should be 
carefully gone over and the shortest pieces which would an- 
swer for scrap taken out, their weight kept, and thrown in 
the regular scrap stock, which stock should receive credit for 
that amount of material and that credit reported in the reg- 
ular way to the keeper of stores. It also happens that from 
time to time there is an accumulation of serap of sufficient 
size for working over in the various other departments, and 
this scrap should be regularly sent to the regular scrap pile, 
the weight being carefully taken, and the scrap stock given 
credit in similar manner to the case above referred to. 

Finishing Forgings.—Located in the hammer shop, there 
should be several cold saws of sufficient capacity for the heav- 
iest forgings which will require trimming. These forgings 
can go direct to the saws from the hammers, and in many 
cases the trimming which these saws will do will be all the 
machine work which will be required on that surface. An 
installation of from three to four machines provided with an 
automatic saw sharpener and proper lifting appliances can 
be readily handled by one man; as the forgings leave these 
saws they will be ready for delivery to the machine shop. 
The location of these saws in the hammer shop will save the 
handling of what otherwise would be much heavier forgings, 
as well as the transfer back of the scrap stock of material 
removed by the saws in case they were located in the machine 
shop. 

Tools and Tool Making.—In the blacksmith shop should be 
located a separate department in which all of the forgings re- 
quired for tools and all of the hardening and tempering, an- 
nealing, etc., is done, and in charge of an experienced man. 
Outside of the tools required at the hammers, all of the tools 
used by the blacksmiths should be made in this department 
and taken charge of by this department... It is not consid- 
ered good practice to allow the indiscriminate manufacture 
of tools by the blacksmiths throughout the shop, as they can 
be made very much more quickly and cheaply in a depart- 
ment provided with the proper facilities for that purpose. 
These facilities may consist in addition to forge fires prin- 
cipally ‘of either hammer or hydraulic presses, provided with 
dies of the proper shape to form in one or not exceeding two 
operations the complete tool required. All of the tool steel 
required throughout the works may be carried in this de- 
partment, and each lot of tool steel received should be sub- 
ject to a careful test by the man in charge, who must thor- 
oughly understand the manipulation of this material. We have 
known cases where several hundred dellars’ worth of steel has 
been made into tools and proved utterly worthless, owing to 
change in the mixture by the manufacturers of which the 
consumer was not aware of at the time of its receipt. ‘ine 








test applied need not be elaborate and may consist of the 
usual drawing out, annealing, hardening and bending under 
various conditions, and also the hammer refining test. A 
record of: these tests either by retaining the original pieces, 
or careful description with the maker’s name, of the steel will 
serve as an indication of how uniform the steel furnished may 
be running, and it is preferable that the man in charge of this 
department should work in close harmony with the man who 
has charge of the small tool department, and who manufac- 
tures the steel into the finished shape. 

Order of Doing Work.—Both the hammer shop 2nd black- 
smith shop having been supplied with a schedule for the get- 
ting out of the parts referred to in previous article, the order 
in which the forgings and material from both departments 
will be furnished will be in accordance with the requirements 
of the erecting shop, making proper allowance for the time 
required for machine or finishing in the machine shop. Gen- 
erally speaking the heavier classes of forgings, such as frames, 
guide yokes and other forgings which pertain to frame work 
direct, as well as the forgings which are provided for the 
boiler, are required first. Whether the practice may be that 
of cutting off the stay bolts to length and screwing them in 
with a special nut for the purpose, or providing a square on 
the ends for the purpose of screwing them in, in all cases the 
bar should be marked or stamped on the square indicating 
the make of the stay bolt iron, for the purpose of desig- 
nating this iron until it is used up and in order to 
keep careful record of the kind of stay bolt iron used in 
any one particular class of boilers. It has been found con- 
venient where squares are provided on the end of the bolt to 
stamp the letter in the heading die so that with each operation 
of forming the square the letter is stamped on the end of the 
rod. It is of course understood that in all of the larger forg- 
ings such as frames, guide yokes, rods, etc., that these forg- 
ings leave the hammer shop ready for machining in the 
machine shop, and that the welding up or piecing up of 
frames is done in the hammer shop, the blacksmith shop 
proper being reserved entirely for the smallest grade of forg- 
ings required in the construction of the locomotive. 


COLLEGES. 





Cornell University, Summer School, Announcement of Courses 
of Instruction.—The summer school of Cornell University, for 
teachers and advanced students, will be open this year from 
July 5 to August 13, and those interested may obtain copies of 
the announcement on application. A number of courses have 
been arranged for those who desire to advance themselves as 
draftsmen, engineers and electricians, open to any one without 
entrance examinations. Among these are: Dynamo laboratory 
practice and lectures, mechanical drawing and designing and 
laboratory work. The last mentiomed course includes the test- 
ing of materials and lubricants, determination of quality of 
steam; analysis of coals and flue gas; calibration of dynamo- 
meters, weirs, steamgauges, steam-engine indicators, and other 
engineering apparatus; efficiency tests of the hydraulic ram, 
water motor, injector, boilers, pumps, air compressors; steam, 
gas, oil, and hot air engines. For further particulars the circu- 
lar should be consulted. 





“West Virginia University. Announcement for the Summer 
Quarter 1898.” This circular contains a statement of the work 
of the university for the advantage of students who do not wish 
to lose the time during the summer vacation. The drawing 
room, field practice, shops and laboratories will be open during 
the summer. Information may be had from Wm. S. Aldrich 
of the Department of Mechanical Engineering, Morgantown, 
W. Va. 





Massachusetts Institute of Technology, Entrance Examina- 
tions.—The usual plan of holding entrance examinations for 
this school in twenty-one different cities of the United States 
on June 30 and July 1 will be carried out this year, particulars 
of which may be obtained from Dr. Harry W. Tyler, Secretary, 
Boston, Mass. 
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AMERICAN ENGINEER, CAR BUILDER 








SIMPLE TEN-WHEEL LOCOMOTIVES WITH PISTON 
VALVES—WISCONSIN CENTRAL LINES. 





Four ten-wheel passenger and six freight locomotives of the 
same type have just been delivered to the Wisconsin Central 
Lines by the Brooks Locomotive Works. The drawings are 
specially interesting because of the application of piston valves. 
The passenger engines have 69-inch and the freight 63-inch 
driving wheels, while the cylinders of the passenger are 19 by 
26 and of the freight 20 by 26 inches. The weight of both en- 
gines in working order is about 150,000 Ibs. The heating sur- 
face is 2,300 square feet and the grate area 32.4 square feet. 
The piston rods are 4 inches in diameter. The steam ports 
have an area of 36 square inches and the exhaust ports an area 


drivers, the forward drivers being connected across the engine 
to an equalizer in the form of a 46-inch spring, which rests on 
saddles over the driving boxes. The heavy springs have 6 by 
14-inch leaves. We are informed that the engines ride remark- 
ably well. The springs have long hangers which will tend to 
reduce the amount of wear on the ends of the springs to a 
minimum. This is important and is not always well provided 
for. 

The front and rear end of the frames are unusually deep, and 


at the cylinders they are 3 inches wide and 10 inches deep, the 
tongues are 8 inches deep at the frame splices and 9 inches deep 
in front of the cylinders. The pistons are of the bull ring 
type, hollow with three packing rings. The front cylinder 
heads are cast iron and the rear ones cast steel and very thin 
and light. The steam chest covers are circular and the forward 














Wisconsin Central Engines—From Photograph. 
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Section Through Firebox and Main Driving Box. 


of 65.5 square inches. The boiler is the Player patent, Belpaire 
type with a sloping firebox over the franes. The passenger en- 
gines have truck brakes and all of the engines have the ar- 
rangement of spring hanging shown in one of the engravings, 
in which a 42-inch spring is employed as an equalizer while 
the other driving springs are elliptic with curved levers rest- 
ing on the tops of the driving boxes for the main and rear 


ones have stuffing boxes to receive the extended valve rods, and 
with this plan the valves should be perfectly balanced. It 
is open to question, however, whether the pressure of the 
steam under these rings will not cause considerable friction 
against the bushings. 

On page 3 of our January issue and again on page 85 of our 
March issue, of this volume, we illustrated the piston valves 
made by these builders for the Great Northern engines, and a 
comparison will be interesting. The valves of the Wisconsin 
Central engines have internal admission, and the inside clear- 
ance of %-inch is at the outside edge of the valves, while the 
steam lap is on the inside. This arrangement brings the live 
steam to the center of the valve through a passage that is sur- 
rounded by exhaust steam, and in this respect is similar to the 
design of piston valves by Mr. G. R. Henderson, shown on page 
39 of our February issue. The form of the valve and the bush- 
ings and packing are shown in the engraving. The packing for 
the freight engines is like that of the Great Northern design 
and is shown in place in the sectional drawing of the valve. 

In the arrangement for the passenger engines the Z shaped 
rings are cut at an angle of 45 degrees, the lower ring is cut 
square across to fit the dowel pin that is held in place by the 
follower plate and the upper ring is prevented from turning 
by cutting the rib out to admit the head of the dowel stud that 
is screwed into the lower ring. The Z shaped rings are turned 
14-inch large, cut and sprung into the top ring. A glance 
at the end view of the valve will show the location of the 
dowel pin in the valve packing. The valve is thin, being 
only %-inch thick in the shell, which is hollow., The 
valves work in cylindrical bushings, which are removable 
from the cylinder castings. They are %-inch thick and have 
six steam ports of which two are 4 inches long and the rest 
2% inches, all of them being 2 inches wide and having 1-inch 
bridges between them. The bushings are held in place by set 
screws, as shown. 

These engines are fitted with Mr. J. Snowden Bell’s patent 
arrangement for the front end draft appliances. The most 
novel features except the valves are the cylinder frame fasten- 
ings and the spring hanging. Mr. James McNaughton, Su- 
perintendent of Motive Power of the road says the spring 
rigging is “a decided success.” 

The valve gear is also novel. The rocker arms are both 
at the same end of the roc.cer shaft and both inside the frames, 
and there is but one tumbling shaft arm instead of two, the 
arrangement being shown in the section taken through the 
guides. The engines are doing excellent work and the use of 
this type of valve is another step toward what many people 
think will be common practice in a few years. The following 
table gives the chief dimensions of the engines, both freight 
and passenger: 
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10 Wheel 10-W heel 
“ae - Passenger. Freight. 
Gage ase 4ft. 84in 
Kind of fuel to be used.. Bituminous coal. 
Ww eight on drivers....... =? wo 115,' 00 Ibs. 
trucks 34,600 “* 34,000 “* 
we eer re er 15) 000 = 138,000 a 
inte tard. . eddcuns xdecscacude 75.000 Ibs 
Weight tender loaded maximum 94,000 ** 


24ft 9in. 
14 ft. 6 in. 
52 ft. 2 in. 
38 ft. 2in. 
62 ft. 6in. 


Wheel base, total, of engine.. 
 licnieh et ehncc.  ~ Shineen 
total (engine and t nder)...... 
Length over all, engine ~ 

*“ total, engine ‘and tender 


Height center of boiler above rails ........... fe > 11 in. 8 ft. 8 in. 
* of stack above rails . .-- 14ft 11} in. 14 ft 8hin. 

Heating surface firebox and en oes uiiwee 1-9 sq. ft. 

tubes......... <deawee 2111 

= 1 WE vebades-' wer cgeabseuuded 2300 ni 

SEN I. irk: Vegan arsiedddapaceuceudat 33.4 °* 

Drivers’ diameter ..... siwiady ~.") aeebaaiy 69 in. 63 in. 

material of centers oahawe.%s ees Cast steel 
Truck wheels, diameter......  —............ 33 in. 
Journals, driving SRS eiaa”) .caeese ne 9in. x llin. 


8 4in x Ilin. 





truck a F Eke tr adap anil eaeeenn asain 5% in. x 12in. 
OI IS adcaccccs ecan nokasmadaess 64 in. x7 in. 
Cylinders.......... ; 19x 26 in. 20 x 26 in. 
Piston rod, I ace a 4in. 
Main rod, length center to center,.... ..... ’ 119 in. 
Ste am ports, ——_ DS aiedlbadcea ee amare : - 7, }area, 36 sq, in. 
PRINS ODOR TORI nicscccc  ucueccccensacen 2% in. 
Bridge, width.. ak’ s0eecteeearnene Least area, 65 5 sq. in 
Greatest travel of valves EE 7 in. 
Steam lap (inside) ... Pin 1% in 
Exhaust lap or clearance (outside). Lede ace ek , Yin. clearance 
hae th fie OAc. - dcessnnccces eels ya in 
Boiler working steam pressure kaa 200 Ibe 
= thickness of material in barrel 5¢ in 
‘3 * tube men %4in. 
** diameter of barrel... peetks sade: “gabe 66 in. 
Seams, kind of horizontal... ee Quinta le. 
“ circumferential ..... : ble. 
Dome, x “you seeee cereccceseese + seceevsees "pin 
PS ails ig. ccanten :) anga date abtacbenseun Sloping, over frames. 
” length.. Cestecvidecutess ~~ sdatweds ated 113 in 
- width . ae”  bduageeeaé mM . wens al 41 3gin. 
7 depth, | aR Paterna areata eth ae 78 in. 
= back. . Lgnes.. began we: aanee 60 in. 
> thickness of sheets .... .........-..+-- Side, ¥, in. ; crown and back, 
34 in.; tube, 5 in. 
“brick arch. . fan i, can eendeeal Ou water tubes. 
7 mud ring, WEE kacScsisanad atvedonuee Back, 344 in.; sides, 34 in.; 
front, 4 in. 
“_water space at top............. ..........-Back, 44% in ; sides,5 in ; 
front, 4 in. 
CR, Ces oi orn cc ceed ote chances ohdea ans Rocking. 
.,. ¢ errr e 308 
0 er ole 2 in 
“ thickness .. Sa No.12B W.G. 
“ Length ov er tube sheets .........--- eee 13 ft. 244in. 
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CAR FOR TRANSPORTATION OF HORSES, C. & N. W. 
RAILWAY. 





The car shown by the accompanying engravings is con- 
structed as a baggage car and intended for transporting horses 
and the fittings are so arranged as to permit of the use of the 
car for baggage or other purposes, the partitions and special 
equipment of the car being stowed out of the way, when neces- 
sary. We have received the drawing and photograph from Mr. 
C. A. Schroyer, Sapenienennent of Car Department of the Chi- 





View of One End of Car. 


cago & Northwestern Railway. The car is known as the 
“Northwest.” It is 50 feet long over the end sills, 9 feet 10 
inches wide, 14 feet high from the rail to the top of the deck, 
49 feet 4 inches long inside and 9 feet 2 inches wide inside. 
Iron cross beams receive movable stanchions carrying parti- 
tions forming the stalls and these may be moved to one side 
along the cross beams, as indicated in the drawing. The en- 
graving from the photograph shows one end of the car with 
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Car for Transporting Horses—C, & N. W. Railway. 


Smokebox. diameter outside... .............0ceee005 69 in. 
length from flue sheet.... ... oat 63 in. 
Exhaust nozzle, diameter single a 4% in., 5in., ‘4in. 
distance of tip above center of 
I indsk mabewdicore. Wesdds: cacy, Suecieinases lin. 
Rarer es ear wienite See Taper. 
least diameter ..... gedapadn amen dn taaws 15% in. 
reatest diameter .. is eoeneened 18 % in. 
* height above s.voke box.. iia pe 38 in 
"Tender 
Type Segivnkhaadalt a eantall Eight wheel, steel frame. 
Tank ‘capacity ‘for MN cadulecneell atthe ; 4,500 gals. 
MGsciaks. «dens caatehazees 8 tons. 
me IIE < ir cehnknende vs: ee eer Steel 
Tank, thickness of sheets. * x 4in. 
Ty pe SCN. sucddeucdiswas Steel channel. 
OF I inc ctenenipiveuiditnn ensnhiend <cciansinns esiden Le elliptical. 
Diameter of wheels... iulexadeauaieeds 33 in. 
and le ngth ‘of ‘journals. eat 44% in. x 8in. 
Distance between centers of sournals Besa guith it. 3 in 
Diameter of wheels fit on axle......... pivadmea 5% in 
PT ie is ads cuca sdencuakdscaes 4% in. 
Length of tender over bumper wens: drnehnhaee 22ft 4in 
ital hana. cuied ony 19 ft. 6in. 
TG | cncvupenands Gemeaes« chen dee see 9ft 10 in. 
Height of tank not including UR se isaccaie 3 ft. 10in 


Pa ealTIE F M. C. B. Standard. 


Type of draw-gear 
Special Equipment. 


DN eakackensacess w enn for cosine. tender and train. 
Pum sciagiudestakidielaseseuees — hipas eOane 9% in. Westinghouse. 
Bell Ringer Keslintiakeeih cabkstck<taannncitaae Golmar. 
Sight Feed Lubricators..........cccccccccsssee . Michigan and no. 
SS arr Ae ae YS ec ore Crosby 
[MJOCTOESD. ..000220- 000 ‘Hancock No. 8, Monitor No. 9 and Metropolitan Ne 8. 
ENE pwtsewececevecetbnnececesdé egpeesecesectscngess . A. French Spr ng Co. 
TREE OOUEE cccancs cts cocccddscesenennscccaesenesaccccoes ont .....MeIntosh. 
Ws 50s kta Sekencknsusnces Sapecensnebaeetecaduacnssereais ee 


four stalls, made up with the canvas feed bags in position, 
while the drawing shows the plan of the car, giving the chief 
dimensions. Stable room for 12 horses is provided, the stalls 
are made adjustable so that the width may be changed even 
to the extent of providing three box stalls. The sides, ends, 
roof and floor are insulated with paper, the car has passenger 
platforms, 6-wheel trucks, air brakes, air signal and steam 
heating appartus. A 100-gallon water tank is secured to the 
roof of the car with pipe connections to a sink hinged to the 
side of the car, so that it may be folded up out of the way. 
A table is also hinged to the side of the car for folding up when 
not in use. Canvas collapsing sleeping berths for two men are 
provided and a tool and a hay box are carried underneath the 
car floor. 





THE WAR RELIEF FUND. - 





One million dollars is to be raised for the work of the Ameri- 
can National Red Cross, of which Clara Barton is president, 
and of the Central Cuban Relief Committee, appointed by the 
President of the United States. Our assistance has been asked 
by the publishing house of Funk & Wagnalls Company, who 
have generously undertaken to aid in the collection of money 
which we understand is to go directly to the relief work, abso- 
lutely without any deductions or commissions. Money sent to 
our publication office, Morse Building, New York, will be 
promptly forwarded to Funk & Wagnalls, who will send a copy 
of the lithograph, “The Accolade,” to those who donate $1. 




















THE HORSE POWER OF LOCOMOTIVES. 





The usual method of rating the power of locomotives by the 
tractive force at full stroke is useful only for starting condi- 
tions and at very slow speed. While it may be a convenient 
figure for comparing the power of different locomotives in a 
rough way, it is of little use in determining their power under 
working conditions and average speed. The important thing in 
locomotive design is to select proportions so as to secure the 
best possible results under the conditions with which most of 
its work is done. It has taken a long time for us to realize that 
starting power is not the most essential thing, and that the 
best working proportion need not be made for that stage of 
operation. This is well illustrated by valve proportions. Until 
recent years lead was always stated at full stroke and little 
consideration was given to what it might be, or what its effect 
would be at the regular working cut off. It is now the custom 
in best practice to pay particular attention to lead in average 
cut off, and secure the best steam distribution at that point. 
In like manner we are awakening to the fact that economical 
working requires that the locomotive should do its best work 
at the average running speed and that the greater the power 
obtained at such speed (without sacrificing essentials at other 
speeds) the more efficient will be the machine. We have, then, 
to consider the combination of tractive power and speed or 
horse power which is measured by 33,000 foot pounds per min- 
ute. The fact that tractive power decreases with speed and 
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cut off, while taken account of in a general way, has not been 
thought important enough to necessitate determining, in many 
cases, the rate at which that decrease takes place. 

The study of indicator cards for this purpose, and the com- 
bination of the tractive power thus found at different cut offs, 
with the speed, making a horse power curve, has rarely been 
resorted to. We may therefore describe this new method of 
rating locomotives, as the “horse-power curve.” This curve, 
will, of course, vary with different combinations of cylinders, 
boiler pressure and wheels. The theoretical curve can easily be 
drawn for any horse power by plotting the speed upon the trac- 
tive power, as in the accompanying diagram. Then by means 
of indicator cards at different working cut offs with the speeds 
carefuly noted, the tractive power at different speeds is ob- 
tained. For this purpose, an accurate speed recorder is neces- 
sary, and the cut offs in even inches should be marked on the 
reverse quadrant. The tractive power multiplied by the speed 
of the engine in feet per minute gives the horse power for 
different speeds, and this when plotted on the same sheet with 
the theoretical curve will show at a glance how near the actual 
performance of the engine approaches in practice to the theo- 
retical power. It will show also, if there is a departure from 
the theoretical curve at working speed, that it may be desir- 
able to make some change in the size of cylinder or wheels. 

In working long grades and in running passenger trains at 
high speeds with long intervals between stops, it is necessary 
that the maximum horse power of the locomotive shall be sus- 
tained for long periods, and under such conditions any weak 
points of design, either of engine or boiler, will be shown. 
When analyzed into its component parts the horse power for 
any given engine has two principal variables, one the speed 
which is independent of the design, the other the tractive 
power, which depends not only on cylinders and wheels, but 
also on the boiler. With cylinders and wheels given, the trac- 
tive power depends principally on the mean effective pressure 
in the cylinder, and for high tractive power the aim therefore 
should be to obtain the highest possible mean effective pres- 
sure. The highest mean effective pressure is only obtained by 
the best proportion of valves and ports and the best valve mo- 
tion. It also depends upon continuous full boiler pressure. 

In using indicator cards for horse power curves, it is there- 


fore important to select those taken under such working condi- 
tions as will enable the engine to maintain full boiler pressure. 
To obtain this under maximum load requires good boiler de- 
sign with best proportions for grate and heating surfaces. It 
will be seen from this that the maximum horse power in a 
locomotive involves nearly all there is in the best design for 
both engine and boiler, and it thus becomes a very good meas- 
ure of the true value of the locomotive as a hauling machine. 
Measured in this way we may say that for any given type of 
locomotive having proper driving wheel adhesion, that one is 
the best which develops the greatest horse power at the nor- 
mal working speed for each ton or pound of total weight of en- 
gine. If we take E to represent this kind of efficiency, and W 


HP 
the weight of the engine, then E = Ww 


This presentation may appear to be very simple and elemen- 
tary, but it will serve as an introduction to a method which will 
be found very useful in determining the proper proportions for 
locomotives intended for heavy grade work at slow speeds as 
compared with those in ordinary service at medium speeds, and 
also for passenger locomotives which must sustain high speeds 
for long distances. 


THE HORWICH LOCOMOTIVE WORKS OF THE LANCA- 
SHIRE & YORKSHIRE RAILWAY, ENGLAND. 











By William Forsyth. 





Although the Horwich shops are the largest locomotive re- 
pair shops in the world, they are comparatively unknown to 
most American master mechanics, and a general plan of the 
works and a brief description of the principal departments wil 
probably prove interesting. The buildings were commenced 
in 1886 and the shops were in running order in June, 1889, at 
the time the American engineers visited England. The con- 
tingent which was fortunate enough to visit Horwich at that 
time has not yet ceased to marvel at the vast extent of the 
works and the substantial character of the buildings. The 
plant was entirely completed in 1892. 

To the present Chief Mechanical Engineer of the road, Mr. 
J. A. F. Aspinall, was assigned the duty of superintending the 
erection of the works, the arrangement of the machinery, and 
starting them as a working establishment. The land inclosed 
for the works includes 85 acres and the covered area of the 
shops is 13% acres. In addition to the ordinary 4 feet 8% 
inch gauge railway connecting the various parts of the works 
there is a narrow 18-inch gauge railway traversing every part 
of the plant, its total length being 6%4 miles. It is worked 
by small locomotives, with trains conveying materials and fin- 
ished work between the several departments. An open pas- 
senger car with seats, back to back, is also used on this line 
for the convenience of visitors and officers. 

The main line of the Lancashire & Yorkshire Railway runs 
east and west across England, and is only about 300 miles 
long, but it has numerous branches. The equipment consists 
of over 1,000 locomotives, and they are all renewed or repaired 
at this one shop. All other iron and steel work for the line, 
except cars and bridges and rails, is manufactured here. The 
plant is remarkable for the number and size of the buildings, 
there are twenty different departments, and ten of the large 
shops have a uniform width of 111 feet. Some of the products 
of the establishment are unusual in railroad shops abroad, and 
are never found connected with American railroad shops. 
These are the large steel foundry, a 14-inch merchant rolling 
mill, an 8-inch guide mill and a chain shop. The office is 323 
by 58 feet, two stories high, and besides the accounting offices, 
contains a large drafting room and a testing room and labo- 
ratory. The storehouse is also a two-story building, 198 by 111 
feet, the second floor having a gallery, leaving a light well at 
the center. 

The boiler shop is 439 by 111 feet, arranged in three bays, 
the first for building and repairing boilers, the second for ten- 
ders, tanks and miscellaneous sheet iron work; the third for 
tools, drills, punches, shears, etc., and each bay is provided 
with an overhead traveling crane. The rivet furnaces are 
heated by oil, sprayed by compressed air. At the end of the 
shop the roof is carried up 16 feet higher to form a riveting 
tower. The flange shop, adjacent to the boiler shop, is 120 by 





elke tM 





i 
1 
; 
4 


ete oe 











dim 


a 








- 


——— 


sate ace: 








JUNE, 1898. 


ee 








111 feet, and contains hydraulic flange presses for boiler heads, 
tube plates, etc., gas furnaces being used for reheating plates. 
The forge is 452 by 111 feet and is located next to the foun- 
dries, on account of a side hill which provides an upper level 
for the gas producers and charging platforms. The natural 
formation of the ground at this point is 14 feet higher than 
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There are four lines of shafting running the length of the shop 
and driven by two wall engines at one end. A series of tools 
are employed in finishing cylinders, and a number of large 
milling tools, both vertical and horizontal, are provided for 
finishing rods and valve motions. Other portions of the shop 
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Ground Plan, Horwich Shops-Lancashire & Yorkhsire Railway, England. 


the rail line of the shops. The forgings are heated in gas fur- 
naces, the scrap being cut up on the high level and taken 
by power conveyers to the furnaces. This building contains 
the 12-inch and 8-inch rolling mills. The smaller smith forg- 
ing is done in several other buildings. The flange shop con- 
tains several forges for boiler forgings. The large blacksmith 
shop or smithy, as it is called, is 212 by 111 feet, containing 33 
single forges and 11 double forges. The bolt shop, 60 by 111 
feet, contains bolt, nut, rivet and nail machines, as well as 
drop hammers for die work. The spring shop, 153 by 47 feet, 
has two gas spring furnaces and hydraulic spring machinery. 

The steel foundry, 150 by 135 feet, contains one 20-ton and 
two 10-tom Siemens-Martin regenerative melting furnaces, 
heated by gas from their own series of gas producers. When 
a railroad is provided with its own steel foundry, the tendency 
is to substitute steel castings for forgings in locomotive de- 
tails as far as possible, and the extent to which this has been 
done on the Lancashire & Yorkshire is shown by the constant 
use of so large a steel foundry. Steel centers for driving 
wheels and centers for steel tired wheels for trucks are amcng 
the heavier castings produced. 

The iron foundry, 212 by 111 feet, is used for general cast- 
ings, not only for locomotive work, but for cars and roadways. 
The wheel shop, 165 by 47 feet, is near the foundries, and 
contains wheel boring mills and lathes. The passenger car 
wheels are-put together in this shop, and a special hydraulic 
press is provided for forcing the wood blocks between the 
wheels centers and the tire. It is not so long ago since the 
locomotive driving wheels on the Fort Wayne road were built 
up in this way, but the hickory blocks were driven in by 
sledges. 

The boiler house, 156 by 47 feet, contains two nests of five 
boilers each. These are connected with two sets of Green’s 
economizers. The only use for electricity here is for light 
and an engine and dynamos supply light to one end of the 
works and also to the offices. 

A series of long, narrow buildings, 47 feet wide, contain the 
brass foundry, 105 feet long, tinsmith, 150 feet; coppersmith, 90 
feet; tube cleaning and case hardening, 75 feet; telegraph shop, 
153 feet; a special shop, 128 by 111 feet, is provided for the 
manufacture of signals, and another, 72 by 111 feet, for frogs 
and crossings. We now come to the two principal shops, the 
machine shop, marked on the plan as the “fitting shop,” and 
the erecting shop. 

The machine shop is 508 by 111 feet. It has cross-track 
communication with the erecting shops and is provided with a 


are devoted to brass finishing, a tool room, and at one end are 
the rod gangs and work bench fitting, where the small amount 
of necessary hand work is done. The shop is heated by pipes 
in trenches covered with chequered gratings, which also serve 
for the narrow gauge tracks, grooves being cast in them for 
this purpose. The artificial light is afforded by inverted are 
lamps under large white painted wood disks suspended from 
the roof trusses. 

The erecting shop is the most remarkable of all the build- 
ings, on account of its great length. It is 1,520 feet long and 
118 feet wide, and has a capacity of over 100 locomotives at 
one time. It is divided into two large bays and one smaller 
bay in the middle of the shop. The outside bays are used for 
repairs and renewals of locomotives, the small middle bay 
being used for fitters’ benches and for small tools, such as 
drills, placed at suitable positions along the shops, and for 
the storage of materials. The erecting shops are divided into 
Nos. 1, 2, 3, 4 and 5 respectively. The No. 1 shop is used for 
the erecting of new tenders and repairing of existing stock. 
Of No. 2 shop about one-quarter is taken up for boiler mount- 
ing; the boilers being received from the boiler snop are here 
fitted with tubes and the brass mountings; they are also test- 
ed both with water and steam before being sent to the erectors; 
the other three-fourths of the shop are taken up with general 
locomotive repairs. Nos 3 and 4 shops are exclusively used for 
locomotive repairs. No. 5 shop is mainly used for locomotive 
repairs, but a small portion is set apart for new work. Each 
outside bay of each erecting shop is provided with two 36-ton 
overhead traveling cranes, making twenty in all. Wheel lathes 
are provided at various parts of the erecting shops for dealing 
with the wheels taken from the locomotives under repair. A 
number of portable hydraulic riveters are also provided. Ac- 
cess for locomotives to the center portion of the shops is pro- 
vided by two traversers, or transfer tables. As the machine 
shop, boiler, flange, and erecting shops have the same width, 
their area is proportional to their length and we find that.the 
total length of the boiler and flange shops is about 50 feet 
longer than the machine shop, and the erecting shop is about 
three times the size of the machine shop. 

Much as we may boast wf our American railways and loco- 
motive shops we have nothing in this country to be compared 
with the Horwich shops as locomotive repair shops. A visit 
to them is an inspiration, and only by seeing them can one 
get an idea of the vast plant which is necessary for the main- 
tenance of the machinery of a large railroad having a dense 
traffic. 
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LOCOMOTIVE CHARACTERISTICS. 





By G. R. Henderson, Mechanical Engineer Norfolk & Western 
Railway. 





At the present stage of railroad development, when all ef: 
forts are turned toward the economical construction and op- 
eration of equipment, the locomotive has naturally come in for 
its share of study, and its power and efficiency have been freely 
discussed and criticised. Economical operation does not neces- 
sarily mean a great amount of work done by a small amount 
of fuel, but more frequently, a great amount of work by a 
small number of engines, or in other words, the quantity of 
work done by a locomotive is of more importance than the 
economy of fuel shown by the same locomotive. It is the ob- 
ject of this article to determine the conditions under which 
the maximum amount of work or power can be obtained from 
any given locomotive, of known proportions, regardless of the 
fuel economy. 

The study of indicator diagrams taken from locomotives 
clearly shows that the highest horse-powers are obtained with 
the high speeds, and we shall first endeavor to determine the 
law between speed and power. It must be borne in mind that 
the power of the locomotive is determined by the boiler, and 
that there is a limit to its steam producing capacity. 

Let us first produce an equation between the amount of 
steam supplied by the boiler and that used by the cylinders, 
and consider that: 

v=volume of both cylinders, in cubic feet (this refers to 
simple engines only); 

b=ratio of grate area to cylinder volume (square feet to 
cubic feet); 

c—maximum rate of combustion in pounds per square foot 
of grate area, per hour; 
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d=—evaporation rate under the assumed conditions, from and 
at 212 degrees. 

Then the maximum quantity of steam which the boiler can 
supply in pounds per hour, 

=vxbxcxd, from and at 212 degrees. 

(The values of these factors under different conditions may 
be obtained from the report on “Grate Area and Heating Sur- 
face,” made last year to the Master Mechanics’ Association, 
see page 218 of the proceedings for 1897.) 

Let x—cut-off ratio in the cylinders; 

y=revolutions per minute; 
a—weight in pounds of a cubic foot of steam at cut-off 
pressure; 
then, allowing 1.2 for the factor of evaporation (from 212 de- 
grees to working pressure), and 25 per cent. for cylinder con- 
densation, we have the weight of steam used per hour, in 
pounds; 


=vX xX2xXyXKa X 1.2 X 1.25 X 60, from and at 212 deg. 


Equating, and canceling out v on both sides, we have x X y 
2X<aX 1.2 1.2K 60=bxXo Xd,andxy 
bxex 


2 aX 1.2 X 1.25 & 60 
which is the equation of an hyperbola, referred to its asymp- 
totes as axes. 

If we assume the values for a, b, c and d = 0.284, 3, 160 and 6 

3X 160 X 6 “_ 
respectively, we have x y 9 5< 0.284 0 1.2 X 1.95 X 00 
illustrated by the curve A-A, of Fig. 1. This line will be 
understood to show the latest cut-offs that the boiler will sup- 
ply with steam at the various speeds shown by the abscissae, 
the ordinates representing the proportion of cut-off. The 
valve gear prevents a later cut-off than 90 per cent. 

We now proceed to construct a curve, which will give the 
“maximum mean available pressure” for the different speeds, 
and by this we mean the mean effective pressure, with the 
friction of the engine deducted, or the net effective pressure 
on the pistons. 

Diagram No. 2 of the Master Mechanics’ Association report 
above mentioned [this diagram is reproduced here as Fig. 3, 
and Fig. 1 from the same report is reproduced as Fig. 4. They 
will be found also in our issue of July, 1897, page 251.—Editor] 
gives the ratio of mean effective pressure to initial pressure 
for various speeds and cut-offs, and allowing in addition 5 per 
cent. drop from boiler pressure to initial pressure, and 8 per 
cent. for engine (internal) friction, we have the results of the 
diagram multiplied by 0.95x0.92—say 0.88, with which to con- 
struct the line B-B, which shows the maximum mean available 
pressures which can be obtained at the various speeds. This 
allows for the internal friction of the engine, but not for the 
journal and rolling friction. 

It is to be noted, that a strict interpretation of the line 
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A-A of maximum cut-offs, would require the left-hand énd to 
be slightly dropped, as at slower speeds, the cut-off pressure 
and weight of steam would be greater, and therefore reduce 
the permissible cut-off, but other authorities indicate that the 
hyperbola can safely be used. 

As the tractive force of a locomotive is expressed by the 

pas 

formula aera where p=mean effective pressure in pounds 


per square inch; d=diameter of cylinders in inches; S= 
stroke in inches; D=—diameter of drivers in inches; the trac- 
tive force will be a function of the ordinates to the curve B-B, 
and will therefore vary as, or be proportional to, these ordi- 
nates. This shows that the tractive force is a maximum at 
low speeds. 

The work or power developed by a locomotive is the product 
of the tractive force and the speed, and as we have just shown 
that the tractive force is proportional to the ordinates of the 
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curve B-B, the work done will be proportional to the product 


of the ordinates and abscissae of the curve B-B. This is 
represented by the curve C-C, which has been produced simply 
by multiplying together the co-ordinates of B-B, and laying 
off the product on the corresponding abscissae as ordinates. 
This curve we call the “Characteristic of the Locomotive.” 

It is interesting to note how this line rises, rapidly until the 
capacity of the boiler is reached, when it assumes a nearly 
horizontal direction, rising more rapidly, however, at high 
speeds. This gradual rise is probably due to the economy of 
using steam at shorter cut-offs. In reading the numerical 
values of this curve, be governed by the values at right side of 
diagram. Of course the line C-C must be understood as show- 
ing the ratio of power at the circumference of the drivers. 

The point of greatest interest to the transportation depart- 
ment is, however, the power back of the tender coupler, or, 
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with the proper allowances for the resistance of the engine 
and tender. C-D has been formed by subtracting from C-C, 
the power necessary to move the engine and tender at the 
speed in question, on a level track, the resistance due to speed 
being taken from diagram No. 1, of the Master Mechanics’ 
Report, above referred to, shown here in Fig. 4. For allow- 
ances for grades of one and two per cent., the additional de- 
ductions have also been made, and the corresponding curves 
produced. The values to be deducted bear the same ratio to 
the resistance of the engine and tender, as the curve C-C does 
to the total power of the engine. 

In making these deductions it has been assumed that the 
locomotive in question has 20 by 24 inch cylinders, 50 inch 
drivers, and weighs 100 tons complete with tender. 

From these various curves we conclude that: 

ist. The power at the drivers increases with the speed, al- 
though it remains nearly stationary at velocities near 200 
revolutions per minute. 

2nd. The power or work done back of tender reaches its 
maximum at a speed of 20 miles per hour, or 135 revolutions 
per minute, and remains constant for increasing speeds, when 
working on a level. 

3rd. The power or work done back of tender is a maximum 
at about 18 miles per hour, when working on a 1 per cent. 
grade. 

4th. The power or work done back of tender is a maximum 
at about 15 miles per hour, when working on a 2 per cent. 
grade. 

5th. Omitting the question of speed, and also work or power, 
the maximum tractive force is developed at speeds of 10 miles 
per hour and less. 

Of course it must be remembered that these results pertain 
only to an engine of the proportions assumed for the present 
case, and that every engine to be considered in this way 
should have its proper curves laid out. 

By referring to the first formula, it can be readily seen how 
a change in any of the vital dimensions or proportions will 
affect the curves. For instance, let us assume that “b,” the 
ratio of grate area in square feet to the total cylinder volume 
in cubic feet, shall be 4 instead of 3, or the grate to be 
one-third larger, with the proper proportion of heating sur- 











face, but same total weight of engine and tender. Now it is 
evident that one-third more steam would be produced, and 
therefore the hyperbola A-A, instead of being represented by 
the equation xy=—56.33, would be expressed by the equation 
xy=—75.11. This curve, with its mates as before explained, is 
shown in Fig. 2. It will now be seen that as a result of the 
additional steam advantages, the maximum points are much 
greater in power, besides exerting these maxima at increased 
speeds. For instance, at a level the maximum work or power 
back of tender is found at speeds of 30 miles an hour and up- 
ward; onal per cent. grade, at 25 miles per hour; and ona 
2 per cent. grade, at 20 miles per hour. This is the direct ad- 
vantage of having a boiler of greater capacity, and its lesson 
cannot be ignored. 

The foregoing remarks are merely intended to introduce the 
method of analyzing a locomotive by its characteristic, which 
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may be determined in advance even of its design, provided 
that the leading dimensions and proportions are given or as- 
sumed. While we believe this method of treatment to be orig- 
inal and somewhat radical, it may, we think, be used to good 
advantage in many cases, especially where the most eco- 
nomical conditions of operation are being studied. 











HEATING FEED WATER WITH LIVE STEAM. 





That it will pay to take live steam from a boiler to heat 
the feed water of the same boiler is very difficult for many to 
accept, but we may “believe one who has tried it.” 

“The Engineer” in reporting a recent meeting of the Institu- 
tion of Naval Architects quotes Prof. Unwin as having found a 
saving of 15 per cent. in one case, by the use of live steam to 
heat feed water. For some time he was puzzled for an explana- 
tion of this apparent absurdity, but finally made up his mind 
that when water at boiling temperature comes into contact 
with the heating surface of a boiler it takes up heat more 
readily than cold water and in one case he found the tempera- 
ture of the gases in the chimney to be reduced by a very hot 
feed, all other conditions of running remaining unchanged. 

For many years it has been known that the transmission of 
heat through a receptacle containing boiling water was much 
more rapid than when the water was being raised to the boil- 
ing temperature and the reason appears to be found in the im- 
proved circulation on movement of the water. 

Laboratory experiments are quoted by ““Engineering” show- 
ing that where water is caused to move briskly over a heated 
surface, the rate of heating may be five times as great as when 
the water is left at rest and the further observation is made 
that the temperature of the water surface of a plate may be 
considerably more than that of the water nominally in contact 
with it, giving “the paradoxical result that this temperature 
may be less when the water is hot than when it is colder, pro- 
vided that the circulation is more brisk with the hotter water.” 
Mr. Macfarlane Gray, who has recently brought the subject 
into attention again, states that all of the heat that is trans- 
mitted through boiler plates should be put into the evaporation 
of the water and should not be used to raise it to the boiling 

oint. 

Whether this idea is new or old does not matter. It is very 
interesting and probably will play an important part in con- 
nection with steam engineering in the future. Some very pro- 
gressive people are still a little skeptical and it can do no harm 
to urge that the subject be investigated very carefully. Those 
already using the principle will learn more about it and the 
skeptics may learn something also. 
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The troublesome question of “wrong repairs,” in the inter- 
change of freight cars, has caused a great deal of discussion 
since the last convention and it now seems probable that the 
Master Car Builders’ Association will take action to remedy 
the present difficulty with regard to neglect of the repair card. 
If intermediate roads are held responsible for the application of 
M. C. B. repair cards the trouble will be remedied because this 
will permit of locating the road making wrong repairs. 


The narrow limits allowed by law for the height of couplers 
renders it necessary to provide convenient means for adjusting 
the height of cars after they have been placed in service. Sev- 
eral methods have been used, but one of the most convenient is 
that shown in the illustration of the new Lake Shore coal cars 
on another page of this issue. Wooden »locks are placed under 
the ends of the truck bolsters and above the springs. By vary- 
ing the thickness of these the necessary adjustment may be 
made by simply raising the bolster off the springs. 


It is not uncommon practice to increase the boiler capacity 
of old and comparatively small locomotives in rebuilding. them 
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and besides adding to the heating surfaces and the grate area, 
the new boilers are often built for higher pressures, all of 
which increase their capacity for doing work. The remarks of 
Mr. F. R. F. Brown in regard to rebuilding locomotives, which 
will be found elsewhere in this issue, and also the ingenious, 
novel and valuable power comparisons made by Mr. G. R. Hen- 
derson in his article on ‘Locomotive Characteristics” tend to 
show the importance of large boiler capacity. Large boilers do 
not require as much forcing as small ones, for the same work, 
which may be expected to show favorably in the returns, but, 
as Mr. Henderson says, ““The quantity of work done by a loco- 
motive is of more importance than the economy of fuel shown 
by the same locomotive.” High boiler power offers a double 
reward, an increased capacity for work and a more favorable 
rate cost for the work done. The numerical values for the in- 
crease in power with an increase in the vital dimensions and 
proportions which Mr. Henderson presents and the analysis of 
the locomotive by its characteristic before the construction is 
begun are full of interest and suggestions to locomotive men. 
The time is at hand for serious consideration of every possible 
factor contributing toward increasing the power of the locomo- 
tive and the analysis is commended as furnishing an “X-ray” 
view of the capabilities of an engine before it has been laid 
down even on paper. 








LOCOMOTIVE TRUCK BRAKES. 





The locomotive truck brake as an aid in stopping trains was 
the subject of discussion at the recent convention of the Air 
Brake Men’s Association in Baltimore. This matter has been 
before the railroads for a long time and while the advantages 
obtained by the additional braking power are very great little 
progress has been made in applying them to engine trucks. 
There seems to have been no good reason why they have not 
been used more generally, unless the pressure brought to bear 
in connection with freight equipment has for a time caused a 
diversion of attention from these trucks. Mr. George West- 
inghouse six years ago directed attention to the fact that the 
locomotive, if fully braked, is capable of exerting four times 
the amount of retarding influence for each pound weight per 
wheel given by any other vehicle in the train with the excep- 
tion of the tender, and in connection with this it is important 
to remember that the braking power of the locomotive does not 
vary with the loading, as is the case with cars. It is well that 
this subject should be kept in mind and after the requirements 
of the law in regard to car equipment have been fulfilled, the 
truck brakes will undoubtedly receive the consideration that 
is due them. 





COMPETITIVE TESTS OF LOCOMOTIVES. 








Some time before the Liverpool & Manchester Railroad was 
publicly opened, in 1830, the question of motive power natu- 
rally came before the uirectors, as it was then necessary to 
arrange to work the traffic on the road either by animal or 
some other kind of power. They employed eminent engineers 
to visit and inspect all the railways then at work, but from 
the reports which were made to the directors they did not 
feel able to come to a decision. It was, therefore, proposed 
to offer a reward, or premium, of £500 for the best locomotive 
engine which should draw a load equal to three times its 
weight at a given speed, and it was stipulated that the weight 
carried on four wheels of the engine should not exceed 4% 
tons=10,080 pounds, or 2,520 per wheel. The trial, we are told, 
‘“‘was to take place on a 11% miles stage, with one-eighth of a 
mile extra at each end for starting and stopping, and to con- 
sist of twenty double trips.” “Each locomotive was required 
to run ten trips over the trial ground, equal to a journey of 
thirty-five miles, at full speed, the average rate to be not less 
than ten miles per hour. At the end of the first ten trips 
each engine was to be got ready again, and to repeat the test, 
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the object being to prove that the engine would be able to 
perform a journey from Liverpool to Manchester and back.” 
Three historic locomotives were entered for the competitive 
test, the object of which, as stated, was to ascertain the best 
locomotive “to work the traffic’ of the new line. 

It often happens that the dictionary is very suggestive in 
indicating the force or scope of an idea. Now, one of the 
definitions of “competition” is “strife for superiority.” It 
was the purpose, evidently, of the directors of this pioneer 
road to produce a “strife for superiority” among inventors, 
mechanics and engineers in the design and construction of lo- 
comotive engines. For the accomplishment of the end which 
they had in view, as was shown by subsequent events, it was 
essential that there should be competition. Stephenson adopt- 
ed the multitubular boiler in his locomotive “Rocket,” but we 
are told “after some preliminary trials, previous to the com- 
mencement of the competition, during which the superior 
evaporating power of the ‘Sanspariel,’ with a sharp blast 
from the exhaust directed upward into its chimney, became 
apparent, it was resolved to discharge the exhaust steam of 
the “Rocket” into the chimney; and, on the eve of the first day 
of the trial, the exhaust pipes were diverted into the chimney 
with an upward termination.” It was this change, combined 
with the multitubular boiler, which enabled the‘‘Rocket” to 
win the prize. 


It was at this time of the utmost importance to the directors 
of this road that they should know what kind of motive power 
would be the most economical and efficient for the traffic of 
the line. This same question is of equal, and, in fact, consid- 
ering the extent of the interests involved, of much greater, 
importance to the directors of our great railroads now than 
it was then. It is true that we have had sixty-eight years of 
experience in the construction of locomotives since then, in 
which time they have been developed from puny little asth- 
matic iron insects—they might be called—to mighty beasts 
whose tread literally shakes the earth, whose shrieks are 
echoed from mountain top to mountain top, and whose power 
is limited alone by the laws of nature. We have the prece- 
dents and practice of half a century or more to guide us in 
their construction, but even with this flood of light and knowl- 
edge there is still much difference of opinion among those 
most competent to be the mechanical guides, of boards of di- 
rectors and railroad managers. In other words, the question 
which are the best locomotives? is as much a live one to-day as 
it was when the Liverpool & Manchester trial was proposed. 

It is of course true that most railroads have and are riak- 
ing tests to ascertain which are the best, most economical and 
efficient locomotives for their traffic. Many of them employ 
experts who are possessed of varying amounts of knowledge 
and ignorance, and who subject locomotives to trials of differ- 
ent kinds. Some roads and educational institutions have test- 
ing laboratories especially adapted for making trials of loco- 
motives, where the utmost refinement of experiment and ob- 
servation is possible. The point to which special attention is 
called here is tha: in nearly or quite all such tests the com- 
petitive element is absent, and, what is perhaps worse, there is 
naturally and of necessity a bias of prejudice and interest to 
refract the conclusions drawn from true logical verity. A very 
common case may be cited. A locomotive superintendent de- 
signs and builds a locomotive, or prepares the specifications 
and decides upon the plans on which they shall be built. When 
completed, if he should test one or more of them, could we 
expect that he would report any serious deficiencies in such 
machines to his superior officers, no matter what the defects 
should be? It might be worse than that even, for under such 
conditions probably few men would be able to recognize any 
defects. During many years’ intercourse with master-mechan- 
ics on railroads it was a very common experience of the writer 
to interview men in such positions who had built locomotives 
from their own designs. In nearly all such cases, when the 
new engine was exhibited to the interviewer the builder would 
proclaim, with uplifted arm, as though he was about to make 


oath to the assertion, that “that is the best locomotive that 
ever turned a wheel,” and they generally believed what they 
said. Now, under such conditions, if a master mechanic should 
test his engine is it at all likely that he would admit that its 
fire box was too small, its heating surface insufficient, that it 
had not enough steam space, and worked water, or its weight 
was improperly distributed. We all know he would not. 

In their perplexity the directors of the Liverpool & Man- 
chester railroad employed experts to indicate to the company 
what would be the most efficient motive power to employ. The 
most eminent of these engineers recommended that they 
should adopt rope traction. If they had not resorted to a 
competitive test the advice which they would have had to 
guide them would probably have been very much like that 
some of the superior officers of our railroads of to-day get 
from their experts, who spend months in figuring over the sig- 
nificance of vast multitudes of “variables” which are observed 
in highly scientific experimental tests of locomotives, on their 
own lines, in which there is usually “no strife for superiority.” 

Let us suppose a case: The traffic of a railroad has in- 
creased and an addition to the motive power is required. It 
will be supposed that at certain times of the year it 
has a heavy passenger traffic, which falls off materially— 
as it does on many lines—in midwinter, and at other times. 
It is essential that engines for this traffic should be able 
to pull heavy loads at some seasons, and that they should 
work economically when the trains are lighter. Now, sup- 
posing that under these conditions a railroad company was 
about to order, say ten new engines, and the question should 
arise, what kind would be best suited for the requirements of 
such traffic, what would be the natural course of the inquiry? 
The condition and character of the road bed and rails wouNl 
limit the loads which should be carried per wheel, as it did 
on the Liverpool & Manchester road. On a well ballasted line 
laid with heavy rails, it is now considered admissable to load 
each of the driving wheels with 20,000 pounds. If four wheels 
thus loaded would give sufficient adhesion and traction to pull 
the heaviest trains, then the general plan which would proba- 
bly be specified, would be either the American, Columbia or 
Atlantic type of engine, the weight of which would be limited 
to about 120,000 pounds each. Those in authority would then 
want to know first the relative first cost of engines of such a 
weight of the several plans; second, which would haul the 
trains with the greatest regularity and promptness and the 
least consumption of fuel and lowest cost of repairs; and, 
third, which would perform the maximum amount of service 
in a given time, say a year, or a number of years. Evidently 
this was the sort of information the directors of the Liverpool 
& Manchester railroad were after, and it is the kind of knowl- 
edge about locomotives that general officers and directors 
want now when they are about to increase their motive power. 
The quantity of water evaporated per pound of coal, the tem- 
perature in the smoke box, the precise form of indicator dia- 
grams, which the engine will make, or its consumption of fuel 
per horse power per hour are all matters of indifference to 
them. What they want most to know is which kind of 
engine is most certain to pull the trains on time from day 
to day and year to year, and next—but this is of secondary im- 
portance—which will do it with the least cost of fuel and ex- 
pense for maintenance? Of course it is true that the relia- 
bility of a locomotive can only be demonstrated by actual ser- 
vice, but the relative reliability of several classes could be 
very clearly indicated by a competitive test. | 

The point which it is intended to bring out here is that a 
test which is not competitive proves very little. If an Ameri- 
can locomotive runs on the A. & B. road and one of the Colum- 
bia type on the C. & D. line, it is usually impossible to tell 
which would have rendered the best service if each had been 
tried on the same line. There is also another phase of what 
may be called ex parte tests, and that is that it is almost im- 
possible to prevent those who are in charge of the experiments 
from showing undue favoritism to the engines tested. Many 
employees consider it their duty to lie and cheat in their em- 
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ployers’ interest. Most sporting men would regard with de- 
rision an attempt to determine which of a number of horses 
was the fastest by a trial of speed of each separately and on 
different tracks. And yet that is what is done when we under- 
take to determine the speed and endurance of locomotives. 

What is suggested here then is that competitive tests of 
locomotives should be made under the auspices and direction 
of a committee of the Master Mechanics’ Association, the main 
object of such tests being, as mentioned before, to ascertain 
what kind of locomotive is the best adapted for a certain kfhd 
of traffic. ; 

The course of procedure and the aims of such a movement 
would be, first, to have a committee of say five members of 
that association to formulate a plan of making the tests and 
have charge of and direct how they should be made. The com- 
mittee should consist of several members of the hard-headed, 
practical type, who have had long experience in their occupa- 
tions, and two who, besides ample experience, have had the 
advantages which technical educations give them, and per- 
haps an experienced designer of locomotives. Now, as such 
men would in all probability be actively engaged in the per- 
formance of their duties on different railroads, it could not be 
expected that they could give the time required to personally 
conduct a series of experiments which, in all probability, 
would occupy weeks or months. The committee would there- 
fore require to employ some competent person to take charge 
of the experimental work, and he would need an assistant. 
The committee would, however, after the most careful deliber- 
ation, determine the scope and nature of the investigations, 
and specify in detail how they should be made. The 
person or persons employed would act under the direction of 
the committee, and would report to the latter. As probably no 
competent person could be found to take charge of such work 
who would be willing to give the time to them which would 
be required without compensation the mechanical expert and 
his assistant would have to be paid. This would imply that 
some money must be provided for such, and some few other 
expenses. The committee should therefore be authorized to 
raise and expend money for the purpose contemplated, with 
the usual powers and responsibilities of an auditing commit- 
tee. 

Some years ago a somewhat similar measure was proposed 
and acted upon by the Master Mechanics’ Association, and one 
committee was then appointed to solicit and raise money and 
then hand it over to another committee—over which the first 
one had no control—to expend. Some of the members of the 
Ways and means committee very properly objected to incur- 
ring the responsibility of soliciting money without authority 
to control its disbursement. The persons who secure the 
money for such tests should have the control and the respon- 
sibility for its expenditure. 

The investigations, in the beginning, should be directed to 
the solution of some very practical problems alone, and should 
be devised to indicate simply which of a number of locomo- 
tives will perform a given service most effectually and at the 
least cost. The tests should therefore be made in actual ser- 
vice. The method of making them may be suggested: 

An arrangement could doubtless be made with some road 
having a somewhat uniform traffic to haul one of its trains, 
such as an express passenger train, consisting of say five or 
six cars daily, over its road on schedule time, with the engines 
to be tested. Each one would make one or two round trips 
with the train of normal size. Cars would then be added to 
it on successive trips, until the train reached the maximum 
weight which each engine could haul on schedule time. A 
half dozen trips would probably be sufficient for each engine, 
but if a storm or other serious disturbance to the working of 
the engine was encountered which was not its own fault the 
test for that day could be declared void and the trip would be 
repeated. The fuel consumed during each run would be care- 
fully weighed, and an exact record kept of it, and the weight 
of the trains hauled each trip and the time of arrival and de- 








parture from stations. These would be about all the observa- 
tions which would be essential to make, excepting perhaps to 
note the weather and the number of passengers carried. One 
trip should be made over the road on schedule time with the 
engine and tender alone, without any train, as the consump- 
tion of fuel under these conditions is sometimes very signifi- 
cant-in indicating the inefficiency and defects of a locomotive. 

If the committee should choose for trial only wwe best exam- 
ples of locomotives adapted for the service selected, there 
would be little more risk of interference with the regular run- 
ning of the trains on the line where the tests are made than 
there would be if the ordinary locomotives of the line were 
used. The rule should, however, be laid down by the commit- 
tee that no locomotive belonging to the road on which the ex- 
periments are made should be tested there. In other words, 
no home locomotive should be allowed to compete with 
strangers on its own road. The reason for this is obvious, as 
favoritism would be certain to be shown to it by the members 
of the family at home. 

Of course the above is only the merest outline and sugges- 
tion of the conditions which should govern such a trial. 
Doubtless a committee in conference would see directions in 
which such conditions would require extension and elabora- 
tion, but what is insisted on here is that*the test should be a 
competitive one between different locomotives, all on a foreign 
road, to show practically which is best adapted and most effi- 
cient in a certain kind of traffic. More scientific investigation 
and analysis might be desirable later, to ascertain the causes 
of some of the phenomena revealed by the tests. 

Suppose, now, that the committee should stipulate that only 
four-coupled locomotives should be tested in the first series of 
trials, and that the weight of those to be tested must not ex- 
ceed 122,000 pounds, or be less than 118,000 pounds, in work- 
ing order. Perhaps no other limitation would require to be 
made excepting perhaps that the weight:on any pair of wheels 
must not exceed 41,000 pounds or less than 39,000 pounds. The 
builder should be permitted to make his engine of any form 
and proportions that he might choose, the only stipulation -be- 
ing that the combination of metal, wood, water and fuel must 
be within these limits of weight. The locomotives might be 
either compound or simple, and have two, three or four cylin- 
ders, single or double smokestacks, as the designer might pre- 
fer, the problem for solution being what combination of ma- 
terial of that weight will form the most efficient locomotive 
for the kind of traffic stipulated. 

Supposing now that three approved simple locomotives of the 
American, one of the Columbia and one of the Atlantic type and 
one or two compound engines were selected for trial, and a rec- 
ord was kept of the performance of each. The work would be 
done on the same road, on the same schedule time, and as 
nearly as possible under like conditions, and no engine would 
be nursed by its friends, excepting so far as the skill of the 
men who run it could bring out its best performance. The 
comparison of such a record would be quite sure to indicate 
clearly which of the engines was the best for the service’in 
which they were employed, and a knowledge of the results 
might be of incalculable advaniage to the railroad companies 
of the country. 

If the locomotives to be tested and the men to run them 
were furnished free of cost by their builders, and the railroad 
company on whose line the tests were made would supply the 
fuel, there would be but little expense in making such an in- 
vestigation, excepting the pay and expenses of the persons in 
charge of them and perhaps some cost for labor and appli- 
ances in weighing coal. Some extra cars would have to be 


supplied to increase the train loads in some of the runs, but 
this would involve no outlay of money. 

In view of the value of the knowlege which would be likely 
to be elicited by such experimentation it seems as though 
there ought not to be any difficulty in raising the compara- 
tively small sum of money required to pay the cost of making 
M.N. F. 


such tests. 
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Since the topical discussion on this subject at the convention 
of the Master Car Builders’ Association in 1897, a great deal 
of attention has been given to the part which the couplers 
play in these accidents, and the committee report last year, 
also treats of this side of the question. During the year it 
has developed that there are several influences besides those 
connected with couplers which need investigation and atten- 
tion by the association. 

Among the causes for the parting of trains the following 
may be mentioned: Defective designs of couplers, which per- 
mit the locks to work open on the road, due to the oscillation 
of the cars; defective uncoupling devices, which are too short 
in the connections and cause the locks to be lifted when the 
couplers are drawn out by heavy pulls; swaying of the train 
on account of variable braking power among the cars, due to 
defective adjustment of slack; surging in the train on account 
of sluggish triple valves that have not been inspected and 
cleaned often enough, and last and probably most important 
of all is the parting that is due to the methods of handling 
the brakes on trains that are only partially equipped with air 
brakes. Closely allied to the last cause is the matter of ar- 
rangement of the cars, in partially air braked trains, which 
should be such that the effects of the cars upon each other 
shall be as small as possible. 

The brakes have much to do with break-in-twos. The equip- 
ment of cars with air brakes is progressing very rapidly, and it 
is believed that when trains are made up of all air braked 
cars, much of the trouble will stop, providing the necessary 
improvements in couplers and their unlocking devices are 
made. The best solution of the partially equipped train, there- 
fore, is to equip all cars as rapidly as possible. In the mean- 
time, how to handle partially equipped trains, and how to 
arrange the air braked cars in trains, are questions upon 
which there are wide differences of opinion. 

The question of how to handle the slack between the cars 
has been given special prominence by a paper by Mr. C. L. 
Nichols of the Chicago, Rock Island & Pacific, read last Au- 
gust before the Central Association of Railroad Officers. (See 
Railroad Gazette, Oct. 22, 1897, page 739.) Briefly stated the 
use of a few hand brakes at the rear of the train is advocated, 
the air braked cars being placed next to the engine, and Mr. 
Nichols’ rules require the trainmen, at every stop, to treat the 
train as if it were broken in two. The rear brakes are used 
to stretch out the slack before the application of the air brakes 
by the engineman. Figures from the records of the road ap- 
pear to support the plan, but it is so entirely contrary to what 
many good authorities recommend as to warrant skepticism, 
and one authority goes so far as to say that he does not believe 
the Rock Island men obey the rules. 

While the profile of the road has much to do with the use 
of the brakes the bunching of the train by light application 
of the air brake by the engineman has the indorsement of 
best practice, and it will require the strongest of reasons to 
induce general use of any other method. If hand brakes are 
to be used in the bunching of the train, they would probably 
be most effective if applied at the head of the non air brake 
cars. The air brakes may then be operated in harmony with 
the hand brakes better than those at the rear of the train 
The proportion of air braked cars is now generally about one- 
third of the number in each train, which is enough to con- 
trol the train as far as retarding power is concerned, and the 
use of the hand brakes, if they are to be used at all, should be 
to assist the engineman in avoiding the parting of the train. 
The best authorities on the air brake advise the shutting off 
of the engine far enough back to permit the slack to “run 
in” as far as possible, this to be followed by the application 
of the minimum amount of air that will insure driving the 
pistons past the leakage grooves, and after this such further 
reductions as may be necessary, making, however, but one 
application of the air brakes, and avoiding the release of the 
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brakes on a long train until the train has stopped. Particu- 
lar stress is laid upon the fact that the slower the train is 
moving the more likely it is to part, and this is supported by 
the figures given in the committee report at the 1897 Master 
Car Builders’ convention. It is a good plan to hold the train 
“by the tail” after it has broken in two, but brakes at the rear 
may be expected to cause them to break. 

It is customary to place the air brake cars at the head end 
of the train, and loaded cars usually precede unloaded ones, 
while the non air brake cars are put at the rear. Mr. Edward 
Grafstrom presents a strong argument (see Engineering News, 
December 23, 1897, page 411) for placing the empty air brake 
cars next the engine, followed by loaded air brake cars, while 
the non air brake cars bring up the rear. He reasons that a 
non air brake car retarded only by the friction of the journals 
will produce more impact upon an empty air brake car than 
upon a loaded one, because the difference between the velocity 
of the non air brake car and the empty air brake car is greater 
than that between the non air brake car and the loaded air 
brake car. He believes that when empty air brake cars pre- 
cede loaded ones, and these are followed by non air brake 
cars, the latter, when the brakes are applied, will gradually 
give up their energy to the loaded air brake cars successively, 
and at the same time the empty air brake cars in front have 
begun to take up the energy of the foremost loaded air brake 
cars, and that by the time the non air brake cars and the 
loaded air brake cars have been brought to the same velocity, 
the latter and the empty air brake cars have also been brought 
to the same velocity. On the other hand, when the usual ar- 
rangement of empty air brake cars between loaded air brake 
cars and unbraked ones obtains, when the brakes go on the 
loaded air brake cars will jerk the first empty air brake cars 
forward, while the next moment the unbraked cars will be 
brought up sharply against the rear of the empty air brake 
ears, which are then stretched out with slack between them. 
This argument is worthy of careful attention. 

It is an easy question to settle by experiments upon different 
arrangements of the cars in the same train and the relative 
amounts of shock obtained might be recorded by “slideomet- 
ers” placed at several points along the length of the train. It 
would cost so little we should think the association would find 
it profitable to investigate thoroughly. It seems probable that 
this arrangement of cars might work desirably in ordinary 
service application of the brakes, but it would surely be a good 
thing in making emergency stops. Summing up, we should say 
that: 

Couplers should be made so that they will not open acci- 
dentally, triple valves should be cleaned at regular intervals, 
at least once a year; automatic brake slack adjusters should 
be applied as rapidly as possible, the best method of handling 
partially air braked trains, and the best arrangement of cars 
should be studied, but the best solution of all for this diffi- 
eulty of trains parting is to put air brakes on every car at the 
earliest possible moment. They will tend to reduce break-in- 


twos and will reduce the dangers from those that they do not 
prevent. 








A plan for rewarding conscientious efforts to do good work 
on the part of enginemen, firemen and brakemen in freight 
service has been adopted on the Cincinnati, New Orleans & 
Texas Pacific Railway, in the form of semi-annual premiums. 
The premium for enginemen is $40 and for firemen $20, for 
making schedule time, freedom from accidents, particular 
stress being laid upon accidents from break-in-twos, tidiness 
of the engine, and economy in fuel consumption, obedience 
of the rules and specially meritorious acts. The premium for 
brakemen is $20, and is based on clean accident record, special- 
ly regarding break-in-twos, tidiness of caboose, observance of 
rules, and specially meritorious acts. Any system providing 
prompt, material and unprejudiced reward for efforts to serve 
employers well must result favorably. The administration of 
a system of this kind requires the utmost skill and fairness. 
It is believed to be based on a correct principle in human na- 
ture, and the plan must commend itself to every one, but with- 
out the element of scrupulous justice it had better not be 
tried. 
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LOCOMOTIVE DESIGN—THE WORKING STRESS OF MA- 
TERIALS. 





By Francis J. Cole. 





Driving Axles. 


It is safe to assume that the determination of the size of lo- 
comotive driving axles is governed in nine cases out of ten 
by the area of the bearing surfaces alone. For a given load 
to be borne on each journal, a certain number of square 
inches of bearing surface is provided and the pressure kept 
within such limits as experience has demonstrated to insure 
cool running and freedom from excessive wear. Some idea 
then of the limitations of the pressure it is advisable to use 
seems necessary. The maximum is in the neighborhood of 
220 pounds per square inch, the net weight resting on the 
journals, exclusive of the driving wheels and axles, being con- 
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sidered as the load. The minimum is noted at 130 pounds. 
This does not mean the lowest ever built, but a lower limit, 
under which it does not seem advisable to go, in order to 
guard against excessive size and clumsiness. A pressure of 
175 pounds is suggested as suitable for ordinary conditions. 
When axles and bearings of exceptional wearing quailties are 
used a somewhat higher pressure could perhaps be allowed, 
and for inferior materials a somewhat lower pressure might 
be advantageous, but for ordinary “every day” conditions the 
figure named would be found satisfactory. 

There is, however, another side of the question to be con- 
sidered: it is possible to provide ample bearing surface and yét 
have an axle greatly overstrained. A journal 7 in. in dia. 
by 12 in: long has a bearing surface of 84 square inches, but 
its strength is much inferior to one 8 in. dia. by 10% in. hav- 
ing a bearing surface of 85 square inches; the section modulus 
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of the former would be 33.68 and the of the latter 50.27, while 
both have about the same capacity for wear. The distance 
from the center of the frame to center of the cylinder may be 
much greater in one case than the other, while the journal 
weight would remain the same. Yet the stress in the case of 
the greater distance would be increased directly as the dis- 
tance. The stresses in driving axles are: 

(a) The bending stress caused by the piston thrust or pull 
transmitted through the main connecting rod to the crank 
pins, and resisted by the driving box held rigidly in the jaws 
of the engine frames. (b) The bending stress caused by the 
weight of the engine carried on the axle acting at right angles 
to (a). (c) The torsional stress caused by the unequal adhe- 
sion of the wheels. (d) The bending stress caused by fhe cen- 
trifugal force when rounding a curve resisted by the flanges 
of the wheels. The principal stress is that caused by the force 
of the piston, shown in Fig. 1. 





The extreme fiber stress for a solid circular section fixed at 
one end with a single load at the other: 
WL 
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In Fig. 1 an eight wheel engine of the American type is 


shown, having two pairs of coupled wheels and the main rod 
next the wheel hub, in which: 


W=force of the piston. 

L=center of main rod to center of frame. 
O=center of parallel rod to center of frame. 
C. C.=center of main frame. 

M=bending moment. 
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R=section modulus for solid circular sections = 39 reduc- 
ing to 0.0982 d°. 
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Fig. 2. 
S=maximum fibre stress per square inch. Then for the 


main axle the bending stress per square inch will be: 
ey be” 


R 
For the back axle the bending stress per square inch will be: 
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Taking the following assumed values: Diameter of cylinder = 
20 inches; pressure of steam = 180 pounds; L = 15 inches; O 
= 2 inches; diameter of axle, 8 inches; limit of wear 74 
inches. 


Then for the main axle: 
6 X& 56520 x 15 








New axle 8 inches diameter = S = a 8430. 

Worn out axle 74 in. diameter = S = Rs a = 10250. 
For the back axle: 

New axle 8 in. diameter 8 = > ais 20 = 11240, 

Worn out axle 7} in. diameter 8 = RS tes Be ” _ 13.670. 


For a Mogul or 10 wheel engine, having the main connecting 
rod outside the parallel rod, the conditions will be as shown 


in Fig. 2. For the main axle the bending stress per square 
inch will be: 
iWwL 
os a 
ae R 


For the back and front axles the stress per square inch will 
be: 
iwo 
a 
= R 
For a consolidation engine the bending stress per square inch 
for the main axle will be: 
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For the front, back and intermediate axles the bending 


stresses will be: 
ssieall R 


The decrease of the diameter of the axle, eaused by the jour- 
nal wear, must always be considered. The worn out size should 
be used as the basis for the calculation. If an axle is 8 in. 
in diameter wher. new, and the limit of wear is 7% in., use 
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the latter diameter for figuring the effective strength, and not 
the primary size. The life of an axle should be limited only 
by the allowable journal wear, and not from any empirical 
rule, based on its mileage, provided, however, that it is origi- 
nally of suitable proportion to keep the stresses within rea- 
sonable limits. Otherwise it might be necessary, when the 
axle was overstrained, to proceed on the assumption that it 
might break after a few million repetitions of the load, and 
remove it before a possible failure took place. The stress 
due to the dead load is caused by the weight resting on the 
driving box multiplied by the distance from the center of the 
engine frame (or, what is the same thing, the center of driv- 
ing box) to the center of the rail, as in Fig. 3, in which: 

W=load on each journal. 

l=lever arm, center of box to center of rail in inches. 

R=modulus of section of axle when worn out. 
Then: 

S= R 

The torsional stress is caused by the turning moment of one 
crank when at or near half stroke, and consequently at its 
maximum force (the turning moment of the opposite crank 
being then at zero), exceeding the adhesion of its own wheel, 
or when, on slippery parts of the rail, a portion of the force 
is transmitted by the axle, to the opposite wheel. It is not 
probable that under any circumstances could more than half 
the turning moment be transmitted by the axle to the oppo- 
site side. Using the well known formula for torsional stress, 
in which 

S=maximum shearing fibre stress per square inch. 

W=force or weight. 

L—lever arm. 

R=modulus of section of axle when worn out. 

s= a. But in this case it is more convenient to use 
R the modulus of section instead of the expression 7z r?® 
(the cube of the radius, multiplied by 3.1416) and making the 
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proper suhstitution S = a 





The stress due to centrifugal force is caused by the engine 
passing around a curve, the mass being diverted from mov- 
ing in a straight line by the flanges of the wheels pressing 
against the outer rail. The well known formula for centrifugal 
force will enable us to determine the pressure against the rail, 
for any given weight, radius of curve and velocity; the result- 
ant bending stress on the axle can then be easily calculated. 


72 
Cent. F = = in which: 
gr 


F—centrifugal force in pounds. 

W=weight in pounds of the moving mass of one pair of 
wheels resting on the rails. 

g—egravity 32.2 lbs. 

r—radius of curve. 

v=velocity in feet per second. 
The centrifugal force for each pound of weight for a few dif- 
ferent radii of curves and speeds in miles per hour are given: 


10° curve, speed 60 miles= v= we 
10° curve, speed 40 miles per hour=.186 per lb. 

6° curve, speed 60 miles per hour=.251 per Ib. 

Probably the latter is the greatest flange pressure due to the 
centrifugal force for which provision need be made. 

The bending stress at the axle will cause the upper fibres 
to be in tension and the lower in compression, or directly op- 
posite to and partly or wholly neutralizing at times that due 
to the dead load, as in Fig. 4: 
_FW(D) 
ig R 


= .419 per Lb. 


Ss in which: 


F—centrifugal force. 





D=diameter of wheel. 

The foregoing is based on the supposition that the curves 
have no elevation of the outer rail, and that all the centrifu- 
gal force is resisted by the wheel flanges, but as all curves 
on the main track have some elevation of the outer rail it is 
manifest that a part of this force is absorbed by the inclina- 
tion of the track and that something less than these figures 
must be taken. Theoretically, for a given radius and speed 
it is possible to give the proper inclination to the track suit- 
able for these conditions with such a degree of refinement that 
there would be no flange pressure on the outer rail, but all 
would be resolved instead into a force acting perpendicularly 
to the rails. In practice, however, this cannot be done, the 
elevation being a compromise between fast and slow 
trains, so that at high speeds much of the centrifugal force 
is transformed into flange pressure. The proper theoretical 
elevation of the outer rail can be calculated by means of the 
following formula: 
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E in which: 

E—elevation required. 

d=—distance between center of rails. 

v=velocity in feet per second. 

r=radius of curve in feet. 

It is evident that the sum of the various stresses will not 
be the actual maximum fibre stress at any one part of the 
axle, as they act in different planes and directions and must 
be combined in order to obtain the correct resultant at a 
given point. The crank pin pressure produces bending in the 
axle at right angles to that produced by the dead load, or by 
the centrifugal force producing pressure against the flanges. 

Let C=—bending stress from crank pin pressure. 

Let D=bending stress from dead load. 

Let S=resultant or combined stress. Then: 


S= 7 C* + D? 
Graphically, the resultant is equal to the hypothenuse of a 


right angled triangle, in which the length of one side is equal 
to C and the other side to D, as in Fig. 5. To combine the re- 





Fig. 5. 
sultant stress obtained by the combination of the crank pin 
and the dead load stress with the torsional stress: 
Let T=torsional stress. 
Let S=combined bending stress. 
Let Y=resultant. 


a f= ° 
Then Y = > + z7t+t 


Probably one-half the torsional stress is all which should be 
used. The calculations in detail of a mogul locomotive is given 
below: 

Cylinders, 19x26 in. Steam pressure, 180 pounds per square 
inch. Diameter of axle, 8 in., minimum size assumed to be 
7% in. Diameter of driving wheel, 56 in. 

L=19%4%”. See Fig. 2. 

O=-14”. See Fig. 2. 

W=50940. 

R=section modulus. 
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Bending moment for main axle (when worn to 7% in.) due 
to force of piston: 
iwi 
7 
Bending moment for main axle due to dead load: 
W=14500. 
as". 


Ss = - = 8010. 


wi 
ss = 
S= = 2100. 


For the torsional stress, the force of the piston is divided 
equally between the driving axles (in this instance there are 
three axles); therefore: 
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and using the latter 


_ 4W1_ 25470 x 18 
oe oe 

g — Ma_ 110876 _ 

R’ 41.34 


= 110370 


2670 pounds. 


Assuming that one-half of this is the maximum torsional stress 


2670 


likely to occur at any time we have —;- = 1335 pounds. 


For the bending moment due to centrifugal force, the weight 
resting on the rail of one pair of drivers—36500. Curve 6°= 
955 feet radius. Speed 50 miles per hour—73.3 feet per second. 





W v? 36500 x 5373 " 
Cent. F = oT =— S39 x na = 6370. Lever arm =} 
: ail 56 
diameter of driving wheel = = $8, 
F (3 D) 6370 x 28 
S=—R, = d134 = 4310 pounds. 


Probably the flange pressure would not exceed one-half of the 
total centrifugal force, the remainder being absorbed by the 


4310 


elevation of the outer rail = = 2155 pounds, or very 


slightly in excess (55 lbs.) of the dead load which it neutral- 
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izes. Where the diameter of the wheel is so large that the 

stress due to the centrifugal force is much greater than that 

due to the dead load stress, it should be used in its place. 
Combining the crank pin and the dead load stresses: 


$= V0? + D2 = V 8010? + 21002 = 98280. 


Combining the above resultant with the torsional stress, tak- 
ing the latter at one-half 


ne /8? » _ 8280 / 8280? 


13357 = 8490 





pounds maximum fibre stress when ihe main axle is worn down 
to 74 inches diameter. 

Actual breakages of driving axles confirm the statement 
that the main axles on freight engines, (main rod outside the 
parallel rods) and the back axles on passenger engines, (main 
rod inside), are subjected to much higher stresses than the 
other axles. The majority of breakages will be found to 
occur in the axles named, when the diameters are the same 
for all the driving axles under the same engine. For freight 
engines the main axle is sometimes made larger in diameter 
than the others. If it is desirable to make the engine as light 
as possible this is a good plan, otherwise it is better to make 
them all alike, basing the size on the requirements of the main 
axles. The following table gives the maximum stresses (fig- 
ured on the diameter when worn out) which are suggested for 
different types of engines: 


Ham. Iron, Steel. 
ID vingcsncesscccae’ Abindada eesstise Segeen 7,500 8,500 
WOMTTMOOL GE TROUT). 60 coccscccscns scvcssescnverces 8,500 9,500 
Passenger 8-wheel.... .. .. ....... sth kiana: Vaca 13,000 


The steel is assumed to be first-class open hearth steel of not 
less than 80,000 lbs. tensile strength, with «n elongation of not 
less than 18 per cent. in two inches, and phosphorus not above 
0.05. 





Modulus of Solid Circular Sections. 
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Driving axles almost invariably break close up against the 


‘inside of the wheel hub and not in the center of the journals, 


where the figured maximum bending stress occurs, assuming 
an axle of uniform diameter. This is due to three causes: (a) 
The concentration of the bendings and vibrations at the rigid 
wheel center. (b) The common practice of reducing the di- 
ameter of the wheel fit % to ™% inch below the size of the 
journal. (c) The loss of strength caused by cutting the key- 
way in the wheel fit on the side next to the crank pin. This 
reduces the strength on the side which is subjected to the 
greatest stress. 

In a general way it seems to be a fact that as the number 
of pairs of driving wheels increase, the stress should be de- 
creased. This seems plausible, too, when it is remembered that 
any variation in the adhesion of the drivers increases the 
stress on some of the axles, the force not being equally divid- 
ed; also, that the adjustment of the parallel rods may be such, 
that the thrust of the main rod is not evenly distributed be- 
tween all the wheels, the main pair having to withstand thé 
excess up to its limit of adhesion, on possibly at times, a well 
sanded rail. On freight engines the range of stress is greatér 
than on passenger engines, as the steam pressure is not so 
much reduced towards the end of the stroke, the point of cut 
off being usually much longer in freight service. The initial 
pressure in the cylinders at the commencement of the stroke 
approaches at times nearly to boiler pressure and is prolonged 
or reduced according to the speed and point of cut off, so that 
the fuli force is applied to the pin at the beginning of the 
stroke in one direction and at the end of the stroke, or nearly 
at the end, when the pin has turned over (presenting its other 
side), part of the force is applied in the opposite direction. 
The stress is, therefore, alternating, the pressure at the ter- 
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mination of the stroke being the minus amount, or the re- 
versal load below the zero line. 

The relations existing between the three general methods 
of loading are summed up by a well known authority as fol- 
lows: Unwin reasons from the result of Wohler’s experi- 
ments, “that a real factor of safety can be used between the 
working and the breaking stress. For ductile iron and steel 
the ultimate strength, or the stress at which fractures will 
take place, when repeated an infinite number of times is: 

Static or dead load=—the ultimate strength—1.00. 

Load applied and entirely removed=.6 ultimate strength 
=.60. 


ultimate strengtt 
Alternating load = —— a = = 33. 


“These figures can be taken as actually representing the ulti- 
mate strength of the material under three general methods 
of loading. The working stress should be based on these cal- 
culations.” 

J. B. Johnson in ‘Materials of Construction” shows graph- 
ically the working field for the different methods and degrees 
of loading, summing up all the reliable data on hand regarding 
the fatigue of metals from the experiments of Wobhler, 
Bauschinger, U. S. Arsenal at Watertown, as in Fig. 6: 

Static load limit—S—ultimate strength. 

Repetition limit—p,—% ultimate strength. 

Reversal limit—p,— } ultimate strength. 

When the ultimate limits are reduced to working limits 
p, is supposed to reduce to a then: 

Working static-load stress—2a. 

Working live-load stress—a. 

Working reversed stress= ja 

Let p—maximum stress in the member per square inch for 
both dead and live loads. 

Let a—working stress for live loads. 

a 


dhe mivimum stress 


~ 2 maximum stress 


The necessity for a lower stress, when an alternating load 
is to be resisted, is therefore apparent. The writer is firmly 
of the opinion that nearly all the failures of steel axles, when 
of suitable proportions, have been caused by the use of im- 
proper grades of steel. Because Bessemer steel is a suitable 
material for rails, it does not necessarily follow that it is de- 
sirable for axles, and superior and more durable than ham- 
mered iron. Nor does it follow that soft or mild steel, of say 
55,000 to 65,000 Ibs. tensile strength, which is so reliable and 
tough (its use being so satisfactory for boilers, plates, shapes, 
etc.), should prove a suitable material when good bearing sur- 
faces and freedom from breakage are required. Mild steel for 
some years has been regarded by many very much in the light 
of a patent medicine which could be used for all purposes and 
guaranteed to be a universal panacea. It may seem unneces- 
sary to some who have outgrown this belief, to again call at- 
tention to the fact that mild steel is not a suitable material 
for axles. It is advisable to specify exactly what is wanted 
when material for this purpose is required, and to test it after- 
wards to see whether the conditions have been complied with, 
or to purchase of some reliable dealer, whose reputation and 
price are at once a guarantee of its quality and suitability for 
the purpose. Steel of a high tensile strength and elastic limit, 
with enough elongation to insure its toughness and ductility, 
made by the open hearth process, of say 80,000 to 90,000 Ibs. 
tensile strength, with an elongation of 22 per cent. in 2 inches, 
and phosphorus not over 0.05 per cent., when thoroughly 
worked and well hammered, is an entirely reliable material 
and superior in every respect to wrought iron or mild steel. 
It is a matter of observation that its use is becoming more 
general every day. This grade of steel is still further im- 
proved by various methods of tempering or annealing, in 
which the forging strains are neutralized and by the addition 
of nickel in small quantities. The conclusions are: 

That driving axles should be first designed to afford suffi- 
cient bearing surface to insure cool running, the proportion 
being about 1 square inch to 175 lbs. of net load, and secondly, 
for the known forces which give rise to stresses in the metal, 
keeping the fiber stress within safe limits. 

By far the greatest bending stress is due to the direct thrust 
of the piston, the stresses from other causes being compara- 
tively insignificant in comparison. 

The greatest stress is on the main axle in freight engines 
and on the back axle in passenger engines. 

When it is advisable to reduce the bending moment, the 
spread of the cylinders should be made as small, and that of 
the engine frames as great as practicable. 

That hard steel having a high elastic limit and suitable duc- 
tility, possesses the properties of being a good bearing material 
and capable of resisting severe shocks, is well adapted for 
axles, 





WINANS’ CAMEL ENGINES. 





By M. N. Forney. 





The Baltimore & Ohio Railroad, as most readers know, was 
one of the pioneer railroads in this country, and its shops in 
Baltimore were commenced away back in the early thirties, 
and ever since have been located at Mount Clare, and some of 
us old fellows can remember queer things, which could be seen 
here away back in the fifties. Until within a few years ago 
there were still some of the old grass-hopper engines, with 
vertical boilers and vertical cylinders, at work about these 
shops, switching cars on the crooked tracks and sharp curves, 
of which there were then and are still so many at Mount 
Clare. Some of these locomotives were in continuous service 
for over fifty years, a record which probably cannot be equalled 
by any other locomotives in the world. They have now all 
gone into the scrap-pile, excepting the one preserved in the 
Field Columbian Museum in Chicago. 

Another type of locomotives used more extensively, and re- 
tained longer in the Baltimore & Ohio Railroad than on any 
other line, were the Winans’ camel engines. Only three speci- 
mens of these remain. Two of them, battered and worn, and 
much altered from their original design, were standing on a 
side track at the time the observations here recorded were 
made, and the fiat had gone forth that they should be cut 
up and destroyed. There is but one more on the road, and 
that, too, will doubtless soon follow its predecessors, and then 
this type of locomotive will be as extinct as the dodo. It is 
very much to be regretted that no complete drawings of these 
engines are now in existence, and owing to the alterations 
which have been made in them it would be impossible to 
reproduce them accurately now. Very soon even the recollec- 
tion of them, which still remains in the minds of some of 
us who are left, will also be gone, and the future writer of 
the history of the locomotive, like some of his predecessors, 
will be obliged to do a great deal of guessing. 

Some description of these locomotives may now be interest- 
ing to the younger readers of the American Engineer. The 
outline engraving of the camel engine, Fig. 1, which is given 
herewith, has been made from an old lithograph which was 
issued in 1852, as an advertisement by Ross Winans, who was 
the designer and builder of these engines. Many of the 
minor details were omitted in this lithograph, but all that is 
shown on it is approximately correct. The title on it is 


TRANSPORTATION ENGINE, 


ADAPTED FOR THE BURNING OF ANTHRACITE OR BITUMINOUS 
COAL. 


MANUFACTURED BY 
ROSS WINANS, 
BALTIMORE, MD. 
The following “remarks” are inscribed on one corner of the 
lithograph: 


Weight of engine with coal and water...........--:45 <1. se0 seeeeees 24 tons, 
ig -w  -e0cncnhssaea- cecace we hituiniy ard aiieie etele 46 inches. 
103 tubes, 244 inches outside neers biqaaes Shane 14 feet 144 inches long. 
Fire surface Bm BODES nnn coe cv ccceccee seccecececcveses 903 square feet. 
“ firebox. . i caeadkte Suaetea. meen eee - ae 

Area of grate............. pedeewithiatadeimeqieaneate nee nae 
Diameter Tol |” ia eam ee aa Se 

“ cylinder igedute ‘tankdave seucesendgubeanaenes 19 — 
ee ote |. | ok enegsencncntees gieade 22 ™ 


Works steam at full or half stroke. 


The other illustration, Fig. 2, is a wood engraving mad¢ 
from a photograph by Mr. R. McMurray, now chief inspector in 
New York for the Hartford Steam Boiler Insurance Company, 
and represents one of the Winans engines, which was rebuilt 
at the Mount Clare shops in 1864. A comparison of the two 
illustrations will show that some alterations were made in the 
process of rebuilding, which will be referred to later on. 

Winans’ shops were located in Baltimore, east of and ad- 
joining the Mount Clare shops of the Baltimore & Ohio Rail- 
road, and the writer was an apprentice there from 1852 to 
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Figs. 3,14 and 


5.—Grates,.Winans’ Camel Engines. 
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1856, and worked on the engines, and was therefore very fa- 
miliar with the locomotive here described. 

Just how the term “Camel” engines originated is not defi- 
nitely known. It has been said that a man named Campbell, 
who designed the first “American” type of locomotive, with 
four coupled wheels, and a four wheeled truck, which was 
built in Philadelphia, had something to do with the construc- 
tion of the first Winans engine of the “Camel” type, and that 
the term was a modified form of Campbell’s name. Another 
version is that the large dome and cab on top of the boiler 
gave the engine a humped appearance analogous to that of 
a camel’s back. A third is that the term was used in derision 
of the builder, who was very stooped and round shouldered, 
so as to appear almost deformed. Probably the second is the 
true origin of the term. 

In the light of nearly fifty years experience, the merits and 
demerits of these locomotives may be recognized more dis- 
tinctly than they were at the time they were built and in 
use, when they were the subject of much acrimonious discus- 
sion and bitter controversy. As will be seen from the illustra- 
tion, the whole weight of the engine was on the eight driving- 
wheels, which had a wheel-base of about 11 feet 2% inches, 
only a little more than some six-wheel trucks now used under 
sleeping cars. Consequently these locomotives would pass 
around curves and into sidings of such short radii, that an 
ordinary eight-wheeled American engine could not run over 
without danger of derailment. Having all their weight on the 
driving-wheels, they had great adhesion, and the small wheels 
combined with relatively large cylinders gave them great trac- 
tive power. The camel engines were therefore noted in their 
day for pulling heavy trains. Whether the weight given—24 
tons—was intended to mean tons of 2,000 or 2,240 pounds, it is 
not now possible to know, but from the fact that the weight of 
locomotives is generally greater than it is reported, it is prob- 
able that there engines weighed nearer 63,760 pounds,or 24 long 
tons, than 48,000 pounds, or 24 short tons. They therefore 
had only 6,720 pounds on each wheel. As the standard rail of 
those days was made of iron, and weighed only 56 pounds per 
yard, the importance of having a light weight on each wheel 
is apparent. 

The feature which will first strike a person not familiar with 
the design of these machines is the form of the fire-box. The 
top of this sloped downward from the back end of the cylin- 
drical part of the boiler. The outside shell and the crown- 
sheet were both flat, and stayed with stay-bolts in the usual 
way. There was nothing especially novel in this form of con- 
struction even at this early day, as Stephenson’s original 
“Rocket” had a fire-box, the top of which was depressed below 
the top of the cylindrical part. In some of the illustrations 
now extant, it is represented as sloping for only a part of its 
length, while in others it is shown sloping its whole length. 
At present the origin of this form of construction is not a 
matter of much importance, but its utility is. This kind of 
fire-box was employed quite extensively on the Reading Rail- 
road, by Mr. Millholland, and was later adopted on the Penn- 
sylvania road, on what are known as the old *' Class I” locomo- 
tives, which are now designated as “‘H 1” under the new system 
of classification. The grates of the engine represented in the 
engraving were about 7 feet long, a very great length in their 
day. The fire-box was made the full width that was available 
between the back pair of driving-wheels. The boiler conse- 
quently had a very large grate area—equal to nearly 2% per 
cent. of the total heating surface—and a large amount of coal 
could consequently be burned. The camel engines, therefore, 
had the reputation of being very free steamers. It will 
be seen that these locomotives had the three essential 
elements required to pull heavy trains. ist, plenty of adhe- 
sion; 2d, large tractive power, and 3d, ample steam generat- 
ing capacity. These features were of very great importance in 
the heavy grades of the Baltimore & Ohio and other railroads, 
and accounts for the extensive adoption of this form of loco- 








motive in its day, and due credit should now be given to Wi- 
nans for the combination of these elements in his engines. 

As will be seen from the illustrations, the long fire-box over- 
hung the back axle, and its weight had to be balanced by that 
of the cylinders, smoke-box and chimney, which overhung the 
front axle. In order that they should balance each other it 
was essential that the fire-box should be as light as possible, 
and doubtless it was for this reason that the sloping top was 
adopted, and that the dome was placed at the front end, and 
the engineer’s cab on top of the boiler. The fireman’s foot- 
board was on the tender, as shown in the wood engraving, 
and was very low down. In those days it was considered es- 
sential to keep the boiler as low as possible. The center of 
that of the engine here described was only about 67 inches 
above the top of the rail. That of the celebrated 999, on the 
New York Central Railroad, is 107% inches, which shows the 
difference in this respect in the practice in the fifties and at 
the present time. 


With the experience of half a century to guide us, much can 
now be said in favor of this form of fire-box. The boiler shop 
of the Pennsylvania Railroad, at Altoona, was formerly under 
the charge of a very intelligent foreman, Mr. Nixon. A few 
years ago the writer made especial effort to ascertain, in the 
light of past experience, what were the advantages and dis- 
advantages of this form of fire-box. In consultation with Mr. 
Nixon he said unhesitatingly, that what was then known as 
the “class I” fire-box, which was similar to the camel form, was 
the cheapest one to build and to maintain, and also the light- 
est of any in use on the road. If these claims rest upon a 
sound basis of fact, and are sustained by experience, they are 
very strong arguments in favor of this form of construction. 
To ascertain the objection, if any existed, to the use of this 
form of boiler, some of the men who had run such engines, 
the round-house foreman and others were consulted. It was 
said by some of them on the Pennsylvania road that the class 
I boilers were rather poor steamers, and did not carry water 
very well. 


On the Baltimore & Ohio, and also on the Pennsylvania road, 
there are still a number of men who ran camel engines when 
they were in use. Their general testimony was that the “old 
camels” were free steamers, and there was no difficulty in car- 
rying water in them. It is, of course, true that in this form of 
boiler there is less steam-room than in one which has more or 
less steam space over the crown-sheet. This deficiency was 
compensated for in Winans’ boiler by the large dome, which 
was placed near the front end. This, as will be seen from 
the engravings, was very large—almost 40 inches diameter— 
and 48 inches high. The poor steaming capacity of the class 
I boilers may be attributed to a deficiency in heating surface, 
and their disposition to “work water” to a lack of steam-room. 
The camel boilers had neither of these defects. 

If then it can be said that this form of fire-box weighs less, 
costs less and is cheaper to maintain, generates steam freely, 
and carries water well, it is very strong evidence in its favor. 
The general principle has been enunciated and is undoubtedly 
@ sound one, that within the limits of weight and space to 
which we are necessarily confined, a locomotive boiler can not 
be made too large. If now we were called upon to design a 
locomotive of almost any class to weigh, say, 100,000 pounds, 
if this form of fire-box was adopted it would be possible to 
increase the heating surface some hundreds of square feet 
and give the boiler greater water capacity than would be pos- 
sible if the old-fashioned crown bars, radial-stays, or the Bel- 
pain form of fire-box was adopted. The inquiry may then be 
fairly put, whether a locomotive with a fire-box, the construc- 
tion of which conforms to the predilections of its designer, 
but with materially less heating surface than another of the 
“camel” form, would do as much work as the latter in active 
service? 

Another interesting feature in the fire-boxes of these old 
engines was the coal chutes on top, which are shown in Fig. 1. 
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When grates as long as 7 feet were adopted, it was supposed 
that it would be impossible to distribute the coal properly 
over so great an area. Winans, therefore, supplied his boilers 
with a pair of chutes on pipes, which were square in section, 
and of the form of an inverted letter V, which were attached 
to the top of the sloping fire-box as shown. There was an 
opening at the base of each of these, similar to furnace doors, 
and communicating with the fire-box, and closed with sliding 
doors over them, which were operated by a long lever, also 
distinctly shown. The top of the chute was closed with a 
hinged door, having a counter-weight, as shown in Fig. 2, so 
adjusted that it would hold the door either open or shut in 
whichever position the door was placed. The foot-board of the 
tender, from which the boiler was fired from the back end, was 
placed very low down—about on a level with the bottom of the 
fire-box. Over this was another platform high enough above 
the lower one so that the fireman could work below it, but it 
was in such a position that he could, without much difficulty, 
shovel coal from the tender to the top landing, as it might be 
called. From Fig. 2 it will be seen that the coal chutes wee 
removed when the engine was rebuilt. The platform over the 
fireman’s footboard was also removed. The covering shown 
is only a roof or awning, to protect him from rain and sun. 
Winans’ plan for firing contemplated that the coal should be 
shoveled to the top platform, and the lower sliding doors of 
the chute being closed and the top one opened, the chutes were 
filled with coal. The top door was then closed and the lower 
ones were opened, which would thus allow the coal to fall 
on the fire, without opening direct communication with the 
outside air. Winans’ plan looked very well in theory, but in 
practice the use of the chute was soon abandoned, and 
when the engines were rebuilt the chutes were taken off. 
Another peculiarity of many of the fire-boxes which Winans 
made, was that the whole back end was left open and the 
aperture was closed by a system of fire-doors. The hinges and 
some of their fixtures are shown in Fig. 1. 
The grates were also peculiar and are 
Figs. 3-5. 


illustrated by 

Fig. 4 is a side view of one of the bars, which 
were 7 feet long. They were supported by cast-iron 
bearing-bars, E and F, and rested on two intermediate 
wrought-iron bars, G and H, placed underneath, between the 
two ends. The form of the bars is shown by the sectional 
view, Fig. 3. From Fig. 4 it will be seen that they had necks, 
a and b, at each end, which rested on the bearing-bars. The 
under sides of these necks were on the same horizontal plane 
as the tops of the bars. An extension, h, on each bar projected 
below the fire-doors to the outside of the fire-box. Each of 
the extensions had a hole in it—shown in the plan, Fig. 5—to 
receive a shaking-bar, g, part of which is represented by dot- 
ted lines. Each of the grate bars could thus be shaken inde- 
pendently of the others, as shown by the bar,C, in Fig. 3, which 
is tilted on the corner, e, of the under side of the neck. The bar 
could be similarly rocked on the other corner, c. The outer 
edges of the bars, as c d and e f of C,are described from the 
corners, c and e, as centers. That is,cd is described from easa 
center, ande f is described from c. The effect of this was that 
when the bars were tilted or shaken the spaces between them, 
as i j, were not increased or diminished, so that lumps of coal 
were not liable to fall between the bars when they were rocked 
and thus clog them. As each bar could be shaken separately 
from the others, there was less liability of the whole grate 
being clogged than there is when all the bars are connected 
and shaken together. To shake the different bars, as has been 
explained, a bar, g, was inserted in the holes in the ends of the 
extensions. 

The grate was a marvel of cheapness. There was not a 
bit of machine work on any part of it, excepting that re- 
quired to drill a few bolt holes in the outer ends of the bear- 
ing-bars, and if one of the grate bars was burnt or became 
distorted and had to be replaced it was simply lifted out and 
a new one put into its place without disturbing any other 


two 
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part of the grate. Between the two ends of the bars they were 
provided with projections, k k, which rested on the bearing- 
bars G and H, on which they rolled when the grate-bars were 
rocked. Altogether it seems to be the simplest form of shaking 
grate that has ever been used. 

From the first engraving it might be supposed that a double 
smoke-stack or chimney, such as has been illustrated recently, 
was provided on these engines. Such was not the case, how- 
ever. The front vertical pipe, which is shown in Fig. 1, was 
intended to serve the purpose of a receptacle for sparks and, as 
will be seen, had a door at the bottom for removing them. 
The top of the stack was rectangular in form and had for a 
spark arrester iron slats placed close together and standing up 
edgewise, instead of wire netting. 

The smoke-box was provided with a variable exhaust, which 
consisted of a cast-iron box of the form of a frustum of a 
square pyramid, with a vertical division in the middle and 
open top and bottom. The exhaust-pipes were connected 
with the bottom openings. Into each of the two spaces in 
which the pyramidal box was divided, a loose vertical wedge 
shaped cast-iron partition was fitted, which could be moved 
horizontally. They were attached to horizontal shafts which 
were operated by two spiral cams or “worms” on a horizontal 
shaft which was -connected with the cab by another shaft, 
and the two were connected together by a pair of bevel gears. 
In practice the movable partition referred to soon became im- 
movable by the action of grease and cinders, and they were 
usually placed in their most effective position and left there. 

The throttle lever was also different from anything which is 
used now. It consisted of a horizontal shaft, the end of which 
is shown at a in Fig. 1. This had an eccentric in it which is 
also shown and was connected by a rod and strap to the 
throttle stem. The shaft a had two levers, a b, attached to 
its ends, with horizontal handles extending outward from the 
levers in their lower ends. An end view of one of them is 
shown at h. To open the throttle valve these handles were 
raised upward and moved in an arc of a circle described from 
the center of the shaft a. Any jar had a tendency to cause 
the handles and levers to fall, and thus close the valve. The 
gage cocks were below the engineer’s foot-board, about in the 
position indicated by ec d, and the engineer was obliged to 
judge of the height of the water by the sound of the escaping 
steam and water alone. This was before the days of giass 
water gages. The safety-valves were held down by long 
levers which had spring balances on the ends. 

The wheels with which Winans equipped these engines were 
solid cast-iron with chilled treads and without separate tires. 
His assumption being that it was as easy to take a wheel off 
of an axle and put a new one on as it was to renew a tire. 
On the Baltimore & Ohio and other roads the engines were, 
however, speedily equipped with wheels having removable 
chilled cast-iron tires. These were fitted to the wheels with 
a tapered seat and were held on with hook-headed bolts let 
into recesses cast in the wheel centers, the hooked head tak- 
ing hold of the tire on the outside, and the nut had a bearing 
on the wheel center inside. An illustration of this method of 
fastening tires is given on p. 287 of the first edition of the 
Catechism of the Locomotive. 

Winans was among the first, although not the first, engineer 
in this country to use solid-end coupling rods. He was round- 
ly abused for it in his time, but the general practice of to-day 
conforms to what he advocated and practiced half a century 
ago. 

The frames of his engines, as indicated in the illustration, 
were of the plate form and each frame consisted of two 
wrought-iron plates 5% inch thick. These were placed about 
5 inches apart and were held together by bolts which had 
thimbles between the plates. The jaws were faced with cast- 
iron shoes; the main driving-boxes alone had wedges on one 
side only. The lower part of the smoke-box was square in 
form and made of sheet-iron about 4% inch thick. The frames 
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and cylinder fastenings were, however, very weak and were 
constantly giving trouble. 


The springs were originally placed between the plates which 
formed each of the frames and rested directly on the top of 
the driving-boxes. One-quarter inch bolts, which pass¥i 
through the two frame plates, acted as a fulcrum for the 
springs. On the Baltimore & Ohio Railroad the springs were 
placed above the frames, as shown in Fig. 2. 

The valve-gear would be a curiosity if a drawing of it could 
be reproduced to-day. The rockers were made of cast-iron— 
the end of the upper arm of one of which is shown in the 
engravings. It was long and of the form of an inverted let- 
ter L, and extended from the inside of the frame over its top 
and far enough outward so that the valve-stem could be con- 
nected to a pin in the upper and outer end, which was cast 
with the rocker. There were two eccentrics on each side— 
one for the forward full stroke and one for the back motion. 
A cam was provided on each side, which cut off steam at half 
stroke in the forward motion. There was no variable cut-off 
of any kind. The eccentrics and cams were connected to the 
rocker by old-fashioned hooks, which were lifted into and out 
of connection with the rocker by a series of other cams on 
a shaft under the hooks. This shaft was operated by one of 
the long levers shown in the engraving. The other one is a 
starting-bar for moving the rocker when the hooks were not 
in a position to fall into gear. 

The pumps, it will be seen, were located on the sides of the 
fire-box and were worked by a long rod connected to the cross- 
head. The valve-stems were on the same horizontal plane as 
the pump-rods, and in Fig. 1 they appear like an exten- 
sion of the latter. The connection of the pump-rods to the 
cross-heads gave trouble by breaking the cross-heads and 
piston-rods, and in some of the later engines the pump- 
rods were connected to curved arms fastened to the con- 
necting-rods. The feed water, it will be seen, was de- 
livered directly into the side of the fire-box, a practice 
which would not be approved now, and was condemned 
then. As shown by Fig. 2, the check-valve was placed 
forward and attached to the barrel of the boiler when this 
engine was rebuilt. This was the usual practice and a plate 
was often riveted to the inside of the boiler shell, to conduct 
the water from its point of delivery from the check-valve to 
the front part of the boiler. The rivets shown on the side of 
the boiler indicate that such a plate was used in the engine 
shown in the engraving. 

The boilers were made of iron less than 5-16 inch thick, 
the seams being all single riveted. The plates of the shell 
at the base of the dome were curved in the form indicated in 
Fig. 1. The large opening where they were connected to- 
gether was not strengthened in any way, excepting by some 
cross-braces at the base, which were attached to single bars 
of angle-iron riveted to the sides of the barrel of the boiler. 
The braces were simply flat bars with a %-inch hole drilled in 
them and another in the angle-iron. The bars were laid on 
top of the angle and bolted to it. The whole arrangement was 
pitifully weak and resulted in frequent explosions and dire 
calamity to the poor fellows who ran the engines and were 
on top of the boiler. 

Owing to the great length of the tubes—14 feet 1% inches— 
it was found necessary to support them between their ends. 
A plate was therefore placed about midway between the tube- 
sheets, with a space between it and the shell of the boiler to 
permit the water to circulate. The holes in this plate were 
drilled large enough to allow the tubes to be passed through 
them without difficutly. ‘ 

The draw-bars of these engines were different from any 
which were ever used before or since. They were of the form 
of a large letter V and were placed under the ash-pan, and 
riveted to it, the two upper arms of the V being bent upward 
and were bolted to one of the plates of each frame immediately 
in front of the back driving axle. The apex of the V extended 
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behind the fire-box and had an eye to receive a coupling-pin. 
Another heavy single bar was connected to a large casting, 
on the tender, between its two trucks, and to the eye of the V- 
shaped bar. This wretched connection was the only appli- 
ance for resisting concussion between the engine and tender. 
The fireman was down in a position in which he could not 
see danger ahead, and at some distance from the engineer, so 
that he could not easily get warning from him. The side 
timbers of the tender, which are shown in Fig. 2, were so far 
apart that in case of collision they would allow the fire-box to 
be driven in between them, and the poor fellow who was at 
work there was almost certain to be crushed to death, and if 
not, the horror of being burned and scalded were added. The 
number who met this fate in these wretched man traps will 
never be known, but the awful danger of the whole contrivance 
makes one shudder even at this late date. 

From the description it will be seen that the draw-bars 
were placed very low down and close to the top of the rails. 
This led.to an animated controversy, in which the brilliant but 
erratic Zera Colburn took a part, about the effect of this posi- 
tion of the draw-bar on the distribution of weight of the loco- 
motive. It was asserted by some that owing to the location of 
the draw-bar the tendency when the engine was pulling was to 
raise up the back end of the engine and increase the weight 
on the front wheels. Winans contended that if the draw-bar 
was placed at the top of the rails there would then be no ten- 
dency to either raise or lower the back end of the engine. 
His opponents contended that the center of the driving-axle 
was the neutral point, and that if the draw-bar was placed be- 
low it part of the weight of the engine would be lifted off of 
the back end when it was pulling, and if the draw-bar was 
above the center of the exle more weight would be thrown on 
the back wheels when the locomotive was pulling a train. It 
was an interesting discussion and may be offered to the young 
chaps as a nut to crack. 

The original truck frame under the tenders of these engines 
consisted simply of springs, which were bolted to the tops of 
the journal-boxes, and the springs were connected together by 
heavy wrought-iron bolsters, on which the center plates rested. 
It was Winans’ theory that the wheels of a truck should be 
placed as near together as they could be, so that they would 
act “as nearly like one wheel as possible.” In accordance 
with this principle the truck wheels of his tenders were placed 
so near together that the flanges barely cleared each other. 

As mentioned in the first part of this article the details of 
these locomotives had many interesting features and the whole 
machine was designed with wonderful skill and ingenuity, and 
the chief aim of their construction seemed to be to produce 
locomotives with a maximum capacity at a minimum cost. 
The safety of the men who had to run them seemed to have 
received less consideration. The object aimed at was appar- 
ently accomplished, as these locomotives certainly did a great- 
er amount of work than any of their contemporaries and Mr. 
Winans made a princely fortune by building them. 

As remarked in the beginning of this article, it is to be re- 
gretted that complete drawings of these interesting machines 
have not been preserved, but it is now probably too late to 
recover what has been lost. 








Pensions have been paid by the Boston & Albany Railroad 
to an engineer and a conductor after 52 years’ service in the 
form of a check for a year’s salary and the men were retired 
on account of advanced age. 








A strong preference for steel car frames was expressed by 
Mr. James Holden, Locomotive Superintendent of the Great 
Eastern Railway (England), in a printed interview in the 
“Railway Herald.” He had used cars with steel frames for 
30 years on the broad gauge lines of theGreat Western and they 
are still running on the altered gauge line. He stated that 
some of the steel frame cars that were built in 1873 have still 
50 years of life before them. The service in freight trains in 
England is probably much less severe than ours, yet very long 
life may be expected from metal frame cars here. 
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MORE LIGHT ON THE COMPOUND LOCOMOTIVE. 
Editor “American Engineer’’: 

Your issue for May gives a brief summary of the very inter- 
esting and admirable paper read by Prof. Smart, of Purdue 
University, before the St. Louis Railway Club. This paper 
gives data on the performance of the four-cylinder compound 
locomotive, not hitherto available, and of very great value if 
conditions under which the data were obtained were such as 
will make them reliable in regular road work. Some of the re- 
sults are so different from those obtained on simple engines that 
it would seem there might have been some conditions under 
which Prof. Smart’s tests were run that make a comparison 
with the results from the simple engine misleading. 

The paper states that engines received steam from a 250 horse- 
power “Sterling” boiler, but no mention is made of the size of 
the exhaust opening. This, on a compound engine, has a most 
important influence on the mean effective pressure at high 
speeds, and it would be interesting to know whether the size of 
exhaust opening was such as could probably be used in the 
regular operation of a locomotive furnishing steam from its 
own boiler. The paper states that only one side of the engine 
was used in making these tests, and it would seem important 
to know whether the full size of exhaust opening designed for 
exhausts from both cylinders was used, and what the area of 
exhaust opening was. 

The curves showing steam consumption at different speeds 
are exceedingly interesting, and the results shown of great 
importance if fairly comparable with those from the simple en- 
gine with which they are compared. It is difficult to under- 
stand why the curves for the compound at 10 and 11 inch cut 
off depart so widely at medium and slow speeds. At about 120 
revolutions per minute they show a difference of about 3% 
pounds of water per indicated horse-power per hour, while at 
180 revolutions there is no difference in economy. The loss in 
economy is also shown to be almost entirely in the tests at 11 
inch cut-off, those at the 10 inch cut-off showing a loss of but 
% pound of water per indicated horse-power from 180 to 120 
revolutions, while the 11 inch cut off shows a loss of 4 pounds. 
With the same range of speed the loss of economy of the sim- 
ple engine at both cut-offs plotted, viz.: 6 inch and 8 inch, is 
less than 1 pound, and is almost the same for each. Doubtless 
the reason for this can be explained, but it does not seem clear 
from the data presented. 

These tests were so carefully made, and are of so much im- 
portance, that more light on points which seem obscure, it is 
believed, would add greatly to their value. 





E. M. HERR, 
Superintendent Motive Power. 
Northern Pacific Railway, St. Paul, Minn., May 12, 1898. 





Editor ‘‘American Engineer’’: 

Replying to questions asked by Mr. E. M. Herr in a com- 
munication which appears in the present issue of the “En- 
gineer,”’ proof of which you kindly sent me, I desire to submit 
the following statements: 

The arrangement of the exhaust on the plant in question is 
of necessity somewhat different from that usually employed. 
The exhaust passages in the saddles lead to an exhaust pipe 
18 inches long, having a bridge 12 inches high. Since but one 
side of the engine was used, a blank flange was placed between 
the exhaust pipe and the exhaust passage in one saddle. In- 
stead of a nozzle on top of the exhaust pipe, connection was 
made with the condenser by a 5-inch pipe about ten feet long. 
Condensation of the steam took place at atmospheric pressure. 
Although no tip was used, it is believed that the back pressure 
produced at high speeds by the arrangement just described was 
very similar to that found in service. From an examination 
of the cards, the amount of back pressure and its rate of in- 
orease with an increase of speed fully susta:ns this conclusion. 

I can, at this time, offer no explanation of the results ob- 
tained in steam consumption. The conditions of operation of 


the tests at the slower speeds, where a decrease of economy 
has been noted, were entirely normal, as far as I was able to 
observe, and the results of the several tests were consistent, 
one with another. 








Further investigations of the subject, which I hope to be 
able to make when circumstances permit, will probably fur- 
nish some additional evidence on the point in question. 

R. A. SMART, 
Assistant Professor of Experimental Engineering. 
Purdue University, 
Lafayette, Ind., May 20, 1898. 








SUCCESS OF RAILROAD MEN IN OTHER FIELDS OF 
LABOR. 


Editor “American Engineer’: 

It may be interesting to some of your readers to know that 
the old theory of railroad men that they are useless in any other 
field of labor than railroading is exploded by the number of ex- 
railroad men employed by the Peerless Rubber Manufacturing 
Co. in their works, Of the 350 hands employed by this company 
250 are ex-railroad men, consisting of superintendents, master 
mechanics, conductors, engineers, firemen, baggage men, brake- 
men, telegraph operators and clerks. They make very valuable 
men, as their railroad training has taught them the value of 
close attention to detail, a vitally important point in a rubber 
manufacturing establishment. 

Our assistant superintendent is an ex-railroad master me- 
chanic. One of our most important workrooms, known as the 
general make-up room, is under the supervision of a prominent 
and successful ex-railroad superintendent. Our store house and 
shipping departments are both under the charge of ex-railroad 
conductors. The engine and boiler rooms, three distinct plants, 
are all handled by ex-railroad engineers and firemen. Our hose 
rooms have over 40 men in them from all grades of the operat- 
ing service. 

It was originally the opinion of the superintendent of our 
works that railroad men used to out of door life would not 
make good shop hands, owing to the confinement of indoor 
work. In this, however, he admits he was agreeably mistaken. 
A thorough trial has demonstrated that the regular life, hours 
and wages are very much more to their liking than the old ir- 
regular railroad life, regardless of its unexplained fascinations. 

Our works are in close proximity to the eastern terminal of 
the West Shore Railroad, which partly accounts for the large 
number of ex-railroad men employed. It is quite the regular 
thing now for the men of the operating department of the West 
Shore Railroad who resign from railroad duties by request or 
otherwise, to at once join their brothers in the works of this 
company. In fact, it is quite a standing rule that the factories 
of this company are open to all of the West Shore men who 
desire to learn a trade. They have to commence on small pay 
of $1 per day to learn some part of the business, which is usual- 
ly increased about 50 per cent. in two months, and as soon as 
they become proficient in their department or work, and in 
shop parlance, can “hold their hand,” they get the regular scale 
of wages, regardless of the length of service. 

One other good feature is their loyalty. In our experience of 
18 years we have been perfectly free of labor troubles, with one 
exception, Last February our hose room was running night 
and day, and some thirty of the hands in that room decided to 
strike, and endeavored to induce the entire hose room to go out 
with them. They failed signally in their efforts, as not one of 
the ex-railroad men would either listen to or join them, all 
staying loyally at their work. 

In conclusion, we cannot speak too highly of our ex-railroad 
men as shop hands and workmen. They are, in our opinion, a 
most decided success, 

C. H. DALE, President. 

Peerless Rubber Manufacturing Co., New York, May 7, 1898. 








FAST THROUGH TRAINS ON THE GREAT SIBERIAN 
RAILROAD. 
Editor “American Engineer’: 

From the beginning of April this year Moscow has been con- 
nected with Siberia by means of a fast through train. This 
train starts from Moscow, goes through Toula, Batraki (cross- 
ing the Volga) and Chelabinsk to Tomsk, a very important 
Siberian city, traversing the 2,460 miles in less than six days. 
The mean speed of the train is now about 18 miles an hour, 
but it will shortly be increased. The train is a vestibule palace- 
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car train,.and consists of five cars, viz.: one baggage car, one 
dining car and three passenger sleeping cars (two second class 
cars with 48 berths, and one first class car with 18 berths). The 
train is lighted by electricity and provided with a bath room, 
library, cottage piano, writing table, accessories for games and 
Symnastics, and medicine chest. It is attended by a special 
rolling stock inspector. The fare for the whole journey from 
Moscow to Tomsk is very low, being only $34.00 in the first class 
sleeping car, and $21.00 in the second class sleeping car. 

The first Siberian fast through train started from Moscow 
April 1, at 7.35 P. M., and reached Tomsk April 7, at 11.30 A. M. 
(St. Petersburg time), having been 136 hours on the way. The 
return train started from Tomsk April 9 at 9.00 P. M. and ar- 
rived in Moscow April 15 at 9.00 P. 'M., having been 144 hours 
on ‘the way. The arrival of the first through train was cele- 
brated in Tomsk by the local authorities and population. 

As Moscow is about 400 miles distant from St. Petersburg, the 
whole distance from St. Petersburg to Tomsk is 2,860 miles, and 
can be now traversed in 6% days. 

At the end of this year the Siberian Railroad will be extended 
to Irkoutsk, 1,000 miles further, and the journey to that city will 
be about two days longer, that is not more than 8 days from 
Moscow to Irkoutsk. 

The Chinese Eastern Railroad Company is intending to build 
the Port Arthur branch of the main Mandjuria line this year. 
This feeding branch will be very important for the purpose of 
construction of the main line. Mr. Gordon, the Russian agent 
of the Baldwin Locomotive Works, has already got an order for 
20 tank-engines for the branch. 

A. ZDZIARSKI. 

St. Petersburg, April 30, 1898. 





CRANK PIN AND AXLE CALCULATIONS. 





Editor “American Engineer:” 

Being very greatly interested and profited by Mr. Francis J. 
Cole’s admirable articles on the question of fiber stress and 
the proper diameters of crank pins, I desire to present, as a 
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7. a a ee ee ee ee 
3 inches..... 2.65 | 3.00 | 3.37 | 3.77 | 4.21 | 4.67 | 5.18 | 5.71 
4 ° | 6.28 | 6.89 | 7.53 | 8.20 | 8.94 | 9.71 | 10.51 | 11.33 
5 “ |...) 12.27 | 13.32 | 14.20 | 15.25 | 16.36 | 17.51 | 18.69 | 19.83 
6 *  ... | 21.21 | 22.60 | 23.97 | 25.42 | 26.96 | 28.57 | 30.19 | 31.80 
7 © ... | $3.67 | 35.40 | 37.41 | 39.36 | 41.42 | 43.46 | 45.69 | 47.94 
ie 50.27 | 52.66 | 55.12 | 57.67 | 61.04 | 63.36 | 65.77 | 68.63 
9 * ....| 71.57 | 74.69 | 77.70 | 80.89 | 84.17 | 87.54 | 90.99 | 94.54 
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THE TON MILE AND ENGINE MILE IN 


STATISTICS. 


LOCOMOTIVE 





By W. H. Marshall. 





The great mass of statistics compiled monthly by railroad 
companies are intended to show the income, expenditures, 
earnings and the cost, in considerable detail, of the service it 
has rendered its patrons. Upon the general trend of these 
statistics the management must determine its policy in the 
government of the great properties entrusted to its care. The 
necessity of accuracy and clearness in the compilation of these 
accounts is apparent and needs no argument. The business 
of a railroad is to move passengers and freight, and the unit 
of valuable work is the transporting of a passenger or a ton 
of revenue freight one mile; consequently a company is vitally 
interested in the cost of these units of work. It has not been 
deemed feasible, however, to base all statistics directly upon 
these units of work, even though the determination of their 
cost has been and is the ultimate object. For the statistics 
must not only show the cost of revenue paying units in freight 
and passenger service, but they must be so compiled as to 
show what each department is doing, and, as in the conduct of 
its business, cars must be hauled, sometimes empty and fre- 
quently but partly loaded, it is necessary in order to determine 
the cost of the actual work done by some departments to 
take into account the cars themselves, as well as their 
contents. For this and other reasons, it has been customary 
to base much of the statistical work upon the car mile as a 
unit, and to compute the cost of engine service upon the 
engine mile unit. 

In order that such statistics of engine service may be com- 
parative from month to month, and year to year, it is evident 
that the amount of work performed by the locomotives for 
each mile run must remain reasonably uniform. At some 
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Diagram and Formulae for Driving Axles. 





VALUE OF * P.” 





} Piston Area by Boiler Pressure. 


Cylinder Diameter.) Area. 
| 160 lbs. 170 lbs. | 180 Ibs. | 190 Ibs 








200 Ibs. 

OS | ————_—s —:.2 || os 
12 inches | 113. 13.080 | 19,210 | 20340 | 21470 22,600 
“w- * a | 153. 24,624 | 26,163 27,702 | 2924) 30.780 
1 201. 32,160 | 34.170 | 36,130 | 38.190 | 40,:00 
_. * | 226. 36,304 | 38,573 40,842 | 43,111 45,380 
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CRANK PIN AND DRIVING AXLE CALCULATIONS. 


contribution to the general subject, some forms and tables which 
I have found useful, as a step toward simplifying the question 
and reducing the data to a “‘vest pocket” basis. I therefore beg 
leave to submit herewith, lst, a table giving the value of the 
moment of resistance (0.0982 multiplied by the third power of 
the diameter) from 3 inches to 9% inches, advancing by eighths; 
2d, a table giving the value of**P” (piston area times the 
boiler pressure) for various diameters of cylinders between 12 
and 22 inches, and for varying pressures from 160 pounds to 
200 pounds per square inch. And, two diagrams, one giving the 


formula for figuring crank pins and the other for driving axles, 
in which tthe foregoing tables are used. 
L. R. POMEROY. 


New York, May 21, 1898. 


time in the history of railroads this uniformity may have ex- 
isted, but during the past decade the great increase in the 
size and power of modern locomotives, and the vigorous ef- 
forts made by railroad officials to give locomotives the maxi- 
mum tonnages which they will haul, have so changed the 
conditions as to make impossible an accurate comparison of 
one year’s work with another on an engine mile basis; what- 
ever semblance of uniformity of conditions might have ex- 
isted has been entirely wiped out. We are therefore forced 
to the conclusion that however valuable it might have been 
in the past the engine mile is now misleading when employed 
alone as a basis for calculation of the cost of engine service. 

As an illustration of the changing conditions which destroy 
the value of the engine mile records, I would cite the accounts 
of one Western road, which show that for a certain number of 
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months the engine miles, as compared with the same months 
of the preceding year, increased 18.51 per cent. In the same 
period the loaded car mileage increased 12.98 per cent., the 
light car mileage 11.23 per cent., all freight car mileage 12.47 
per cent., and the ton mileage 24.95 per cent. With all engine 
records on the engine mile basis no cognizance would be taken 
of the difference in work done; if the car mileage were tak- 
en into consideration it would appear as if the engines had 
done less work per mile in the latter period, because the in- 
crease in car mileage is less than in engine mileage; but 
if the tonnage records were consulted they would show that 
the engines had done more instead of less work. 

The question now being discussed is whether locomotive ac- 
counts should remain upon the engine mile basis, or whether 
in common with other statistics they should be computed upon 
a car mile basis, or whether all statistics should be based on 
the ton mile as a unit. It must be admitted that no unit can 
be selected which will not be open to objection. The engine 
mile has many, and the car mile and ton mile are not free 
from them. Neither of the latter two take into consideration 
the question of speed, though this is an important factor in 
the cost of service. Neither do they take cognizance of the 
resistance of grades and curves, of atmospheric resistance, 
nor of several other factors that would have to be considered 
if the statistics were to be comparable with those of other 
railroads, or comparisons made between different divisions of 
the same road. But before condemning a unit because it does 
not cover all conditions, it may be worth while to inquire 
whether statistics based on such a unit are worth the cost 
of clerical labor involved. 

To illustrate: The horse power hour might be claimed to 
be the true unit of work from the standpoint of the motive 
power department, but what is its value? To obtain it speed 
and all the factors of train resistance must be taken into ac- 
count (which is practically impossible), and when obtained it 
would have little direct bearing on the cost of transportation. 
It would be of no value outside of the locomotive department, 
and not so much value inside of it as might be supposed. 
With the ton mile unit the case is different. All engine ser- 
vice or operating department statistics computed on that basis 
can be used directly in determining the total cost of transpor- 
tation, without converting them into any other units. In the 
writer’s opinion the ton mile is a better unit than the car mile 
because notwithstanding the conditions which it does not take 
into account, the ton is always a ton, while the car may be a 
30,000 Tb. affair or it may be a freight house on wheels. With- 
out attempting to go further into this phase of the question, 
we will accept for the present the ton mile as a superior unit 
to the car mile, and will consider some reasons why it should 
be adopted in locomotive expense accounts in preference to 
the engine mile. 

We have stated that statistics to be of much value should 
show clearly the cost of the work done; that our locomotive 
account on an engine mile basis does not give this is certain. 
No better proof is to be found than in the case of modern heavy 
freight locomotives; we know that such engines are economical 
because per unit of work performed they cost less for fuel, for 
wages, for repairs and for oil. Accounts kept on the engine 
mile basis, however, do not demonstrate this fact. Per engine 
mile they cost more for repairs, a great deal more for fuel and 
at least as much per mile for wages; thus the engines that are 
the most economical to the company appear most extravagant 
on the records, and in order to demonstrate their economy we 
must determine the tonnage hauled and from the present en- 
gine mile accounts deduce the cost of service on the ton mile 
basis. It would, therefore, seem as if these accounts might be 
originally computed on this basis. 

To illustrate this condition of affairs I would cite the per- 
formance of some 17x24 inch, and 19x26 inch engines in freight 
service on a certain division of the Chicago & North Western 
Railway in February, 1898. The 17-inch engines are more nu- 
merous than the 19-inch, but there were enough of each to give 
a fair comparison. The figures are as follows: 

Comparison of 17x24 and 19x26 inch engines for February, 
1898: 























17 x A. 19 x 26. 
ES a oe ae ey Meee are, 26,789,289 17,314,508 
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PR rae free 74,195 24,713 
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in cents, including engine | | 
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In the above statement the coal, oil and waste, dispatching 
or hostling and engine crew wages are exact. The repairs and 
round house labor are estimated because the large engines are 
new, and accurate figures on the repairs in particular were not 
available. The cost of repairs estimated for the larger engines 
was much greater per engine mile than for the smaller ones, 
and was based upon what other large engines are known to be 
costing. Over 80 per cent. of the costs above shown are actual, 
and the possible error in the estimated items could not influ- 
ence the general result. The figures are striking because they 
show that while the operating expenses of the large engines 
were 20.85 cents per mile, as against 17.73 cents for the smaller, 
or 3.12 cents in excess, they only cost 29.67 cents per 1,000 ton 
miles, as against 49.03 cents for the smaller engines. In other 
words, on the engine mile basis they cost 17 per cent. more to 
operate and on the 1,000 ton mile basis they saved 39% per 
cent., as compared with the 17-inch engines. This statement 
shows how misleading the engine mile accounts may be in 
some cases. 

The cost of fuel is such a large item and the necessity of 
economizing in its use has become so urgent that many rail- 
roads in order to achieve the desired results have found it 
necessary to put the cost of fuel upon the ton mile basis as far 
as the individual records of the engine men are concerned. 
The road with which the writer is connected adopted this 
course some years ago, and with decidedly beneficial results. 
On the engine mile basis the smaller the train hauled the more 
favorable the enginemen’s records appeared; consequently 
there was no incentive for an engineer to handle trains that 
called for the maximum capacity of the engine. By placing the 
individual coal records upon the ton mile basis all this was 
changed, for it was at once shown that, other things being 
equal, the engineer hauling a light train could not hope to 
show up as well as a man hauling a heavier one. The heavier 
the train the less the coal consumption per hundred ton miles, 
consequently there is every inducement for the engineer to 
handle the heaviest train with which his engine was capable 
of making the speed required by the operating department. So 
great have been the gains from the introduction of the indi- 
vidual coal records based on the ton mile that it would seem 
desirable to have the total monthly performance shown in the 
same way. Though this is not done on the summary, the per- 
formance of each division is in reality checked up by the ton 
mile figures. 

Not the least of the advantages which comes from placing 
the coal record upon the ton mile basis is the unity of pur- 
pose which it helps to give to all officers in the operating and 
mechanical departments, and to many of their employees. 
There may be many men who are broad-minded enough to 
pursue a course which will make their own records appear in 
an unfavorable light, though resulting in economy to the com- 
pany they serve, but we can hardly expect that every man will 
so act. Yet that is exactly what every official and every engine 
crew ought to have done under the old method of computing 
the record of fuel on the engine mile basis. If he had a suffi- 
cient insight into the economies of railroad operation to real- 
ize that a heavier train was more economical to the company 
it was certainly his duty to do all he could to bring about the 
heavier loading of engines, even though his own accounts were 
going to show heavier expenses per engine mile. But if a mo- 
tive power official considered only the showing of his own de- 
partment he would have sought the light train loading, while 
the operating department official, also having in mind only his 
department, would have endeavored to increase the train loads. 
The interests of the two departments were then not identical. 
By placing the fuel account upon a ton mile basis the mechan- 
ieal and operating departments are not only brought together 
on an economical course, but they obtain the co-operation of 
every conscientious and careful engine crew. 

The advantages of placing the fuel upon the ton mile basis 
have been so apparent that some officials have been led to ad- 
vocate showing all other locomotive expenses upon the same 
basis on the monthly performance sheet, and there is much to 
be said in favor of this plan. Engine crew wages and repairs 
are two very large items in the total cost of locomotive ex- 
penses, and the reasons for placing them upon the tonnage 
basis are of much the same character as outlined in the case 
of fuel, except that the showing on these items would probably 
influence and impress officials rather than employees. When 
operating officials are making strenuous efforts to increase the 
tonnage of trains we sometimes hear mechanical officials say 
their engines are so heavily loaded that the cost of repairs is 
increased, and some who have not gone to the root of the mat- 
ter are inclined to think the company is losing more in the 
additional cost of maintaining the locomotives than is saved 
in other directions by the heavy tonnage assigned to the en- 
gines. If repairs were computed upon the ton mile basis such 
officials would quickly find out that the heaviest trains which 
their engines could haul would be best for their records and 
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that every light tonnnage train that passed over the road was 
detracting from the showing of the motive power department 
at the end of the month or year. 

The cost of engine crew wages is one which, while it may 
remain constant per engine mile under the schedules that may 
now be in force, should be put upon the tonnage basis in our 
accounts, if for no other reason than to give us constantly an 
example of the economy due to heavier trains by showing how 
this item reduces per ton mile as the trains increase. The 
items of oil and waste, dispatchers and wipers, and round 
house laborers can all be computed with advantage upon a ton 
mile basis. 

While these advantages are conceded, there is, however, 
something to be said in favor of retaining the present accounts, 
and in fact, showing the expenses both on an engine mile and 
ton mile basis. For instance, let us take the dispatching or hos- 
tling of engines. It costs no more in hostlers’ wages for han- 
dling a large engine at terminals than for a small one, and if 
this account was placed on the ton mile basis there would be 
a tendency for it to decrease with every increase in the aver- 
age weight of the train, whether such an increase was due to a 
heavier rating of the engines, a better average loading by the 
operating department or any other local or general condition. 
The mechanical department might thereby claim for itself an 
economy which should not be credited to it; even if it did not 
do this, it is apparent that the account would not show upon 
its face the actual cost of hostlers’ services per engine handled, 
and whether it was in reality increasing or decreasing could not 
be shown except by a special statement. Others items would 
be equally in need of a side light thrown upon them in the 
shape of cost per engine mile. In fact, this necessity of a side 
light is found even in our individual fuel accounts, and per- 
haps I cannot do better than to cite an actual case. The at- 
tached table is taken from the fuel record of a number of men 
who are supposed to be in strictly comparative service: 





Pounds of Average 
Engine Engine Tons of Miles run Ton Coal per100 Weight 
Crew. Mileage. Coal. per Ton. Miles. Ton Miles. of Train. 
1 2,584 135 19.1 1,442,762 18.7 658 
2 2,042 127 16.0 1,238,428 20.5 606 
3 2,512 146 17.2 1,295,295 22.6 516 
4 2,837 162 17.5 1,383,900 23.4 488 
5 2,398 126 19.0 966,028 26.0 403 


It will be seen that the average weight of trains hauled by 
them during the month varies from 606 to 403 tons, and that 
the man with the lowest tonnage is also the most expensive on 
coal per hundred ton miles; this may be expected to some de- 
gree, but in this particular case it looks as if he was more ex- 
pensive in fuel than his reduced tonnage would warrant. Had 
we no account on the engine mile basis a decision might not be 
reached with any degree of certainty, but by looking at his 
miles run per ton we find that he did not run as many miles as 
the engineer who had a 558 ton train. The suspicion there- 
fore raised by his record on hundred ton miles is confirmed, 
and when asked by his master mechanic why he did not do 
better he cannot make his light train an excuse. 

The same argument in a measure applies to the other items 
that enter into locomotive expenses. If we should place them 
all upon the ton mile basis and with the incentive thus given, 
the operating and mechanical departments should both work 
hard to increase the average tonnage of all freight trains, the 
locomotive accounts would be certain to show an economy over 
previous records. Whether the economy is all it ought to be 
under the changed conditions cannot always be known without 
consulting the engine mile accounts; for this reason the writer 
favors showing the accounts both on a ton mileage and engine 
mileage basis. 

There is one other matter in connection with this subject 
that is seldom touched upon, but which is nevertheless of con- 
siderable importance; this is the separation of the expenses of 
passenger and freight service. The mileage in each service is 
given on monthly performance sheets, but the expenses of the 
two services are not shown separately. The cost on the ton 
mile basis of both fuel and repairs is greater in passenger than 
freight service. If the ratio between the tonnage in the two 
services does not remain constant the combined costs of engine 
service will fluctuate without any apparent reason. The sep- 
aration of the expenses is desirable from some standpoints, but 
whether the additional labor is justified each road must judge 
tor itself. It appears clear to the writer, however. that with a 
eeparation of passenger and freight engine expenses and the 
costs shown both on the ton mile and the engine mile basis, the 
actual cost of each service would be obtained and a minute 
analysis of all items would be possible. Whether the separa- 


tion of the passenger and freight engine expenses would be . 


justified may be an open question, but it appears to be essen- 
tial to compute expenses on both engine mile and ton mile 
units. 


BOILER FOR STEAM MOTOR CAR—NEW ENGLAND 
RAILROAD. 

The chief of the general features of the steam motor car, 
built by the Schenectady Locomotive Works for the New Eng- 
land Railroad, were presented in our issue of November of 
last year, and we now show the details of the construction of 
the boiler. 

This is an upright, fire tube, cylindrical boiler with an en- 
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Motor Car Boiler, Schenectady Locomotive Works. 


larged steam space in the form of a drum. The chief dimen- 
sions are as follows: 


SI no ccc cccucnssdedceaesuedacutian Top, 63in.; bottom, 52 in. 
I a ss oinan cad edd duu kan keeueuaee a emneaieaenieaeeee 200 Ibs. 
IO cnccccnsdccscas. sacuxendéencacdddechaaneeaneaee 453 in. 

- EEE Sdunesicee deewseses. ndenéedébhsasdeeakaeeteene 47% in. 
eS aes ae RS a Nee 3 to 3% in. all around 
ee Bee em MED, «cv caccchudegceatinduaveccmniadceenteuebetabeneea 318 
ET SD CID icin cu nevinnsedecdqasnéecceesuenaaneeanebeee 43 sq. ft. 
GT I cucartanndecesasd cccddisactedaiucceetndibedkehéabaer 11% sq. ft. 


The firebox is stayed with l-inch Taylor iron staybolts, 
and the method of staying the other surfaces is clearly indi- 
cated in the drawfhg. The upper tube sheet is dished and 
braced to the iron sheet and to the shell and is riveted toa 
welded ring to form the throat connection to the top of the 
shell. The dry pipe is in the form of a semi-circle of 3- 
inch wrought iron pipe, which is 40 inches long before bend- 
ing and lies against the throat connection sheet at the top of 
the boiler. It is perforated by 400 %4-inch holes in four rows of 
50 holes each in its upper surface. The same drawings were 
used in the construction of the boiler for a similar car for the 
Erie Railway. 





The Richmond Locomotive and Machine Works has just re- 
ceived by cable an order from the Finland (Russian) State 
Railway for seventeen compound locomotives. This is a high 
tribute paid to American industry, the Richmond Locomotive 
and Machine Works being wholly without influence in Russia 
and the order being given entirely upon the merits of work- 
manship. 





Mr. Daniel S. Newhall, Assistant Secretary of the Pennsyl- 
vania Railroad, has been appointed Purchasing Agent of the 
road. 
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COMBINED DINING AND RESTAURANT CARS—INTER- 
COLONIAL RAILWAY OF CANADA. 





























We have received from Mr. F. R. F. Brown, Mechanical 
Superintendent of the Intercolonial Railway of Canada, a floor 
plan of an interesting arrangement combining a regular dining 
car, with its appurtenances, with a restaurant room. The draw- 
ing presents the chief dimensions and shows the arrangement 
of the car, the passage ways and the accommodations in such 
a way as to require no explanation. 

Three of these cars were recently converted from first class 
passenger coaches and it was a difficult matter to provide for 
the kitchen and accommodation for both first and second class 
passengers in cars only 54 feet long, especially when the 
kitchen, pantry and cupboards take up nearly half of the 

F es" 


~ 


2 


Zak 


EER, CAR BUILDER 


tions or mixtures easy by this characteristic, and that the 
saponification equivalents of most of these oils are so nearly 
alike makes the examination of oils for admixtures or falsifi- 
cations one of the most difficult that comes to the commercial 
chemist. Notwithstanding, however, the obstacles above men- 
tioned, a number of methods for testing oils as to their purity 
or freedom from falsification or admixture, have been pro- 
posed, some of which are quite successful. Among these may 
be mentioned microscopic examination, applicable to fats 
which crystallize; relative solubility of these substances in 
different menstrua, applicable in a limited way to all fats; 
saponification, applicable to all mixtures of saponifiable and 
non-saponifiable oils; melting and chilling points, applicable 
in a confirmatory way, in a very large number of cases; color 
reaction with oil of vitriol, of limited use and value; elaidin 












































































































length. One of the conditions imposed was that a standard, 

full-sized range, with steam table and other fittings, were to 

be used, in order that thése may be used again in case it was 
11] decided to replace these cars with first class, full length din- 
ing cars. The same kitchen and refrigerator equipment would 
be put into the larger cars, and the 18-foot counter from the 
restaurant end would also be used. 
a In the dining compartment is room for but four tables, yet 
their arrangement seems excellent for such a limited accommo- 
dation. The cars are to be considered as experimental, and 
while ample to meet the requirements during winter months it 
is possible that larger ones may be built when the demand 
increases sufficiently. It is understood that no changes were 
made in the framing or other parts of the car bodies, except 
where necessary to put in the new fittings. 
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CONTRIBUTIONS TO PRACTICAL RAILROAD INFORMA- 
TION. 





Chemistry Applied to Railroads — Second Series — Chemical 
Methods. 





1 XXIV.— Maumené’s Test for Oils. 





By C. B. Dudley, Chemist, and F. N. Pease, Assistant Chemist, 
of the Pennsylvania Railroad. 
© 





Explanatory. 

Perhaps no class of commercial products are more easy to 
adulterate or falsify, and certainly none are more difficult to 
detect adulteration in, than the fixed animal and vegetable 
oils. The very large number of kinds of oil in the market, 

| differing widely in price, furnishes the opportunity for mix- 
ing, with the expectation of selling the mixture at the price 
of the more expensive constituent, while the fact that almost 
all of these oils mix readily with each other, even without 
the application of heat, makes adulteration simple and easy. 
It is only necessary to add the various oils the mixture is 
designed to contain, to a tank and stir, and you have a quan- 

1} tity of oil ready for barreling. Furthermore the following 

facts, viz., that very few of the fixed animal and vegetable oils 
have any characteristic odor, color or taste, that they differ 
very slightly in specific gravity, that their optical behavior 
does not differ sufficiently to make the detection of adultera- 
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Combined Dining and Restaurant Car, Intercolonial Railway, Canada. 


test with nitric acid, likewise of limited use and value; the 
iodine and bromine absorption tests, which are of very wide 
application, and of much value, and the nitrate of silver color 
reaction, applicable to certain burning oils, in which it shows 
quality, rather than admixture. 

This list might be very much extended, and still not ex- 
haust the subject, but it is wide of our present purpose to 
write a treatise on oil testing. We simply want to describe 
what in our experience has been found to be one of the best 
of the tests for the fixed animal and vegetable oils. It is 
fair to say that the kinds of test to be applied in any case, 
are generally determined by the previous history of the sam- 
ple, or by knowledge or suspicion, as to what may be present, 
and that any or all of the above tests, or even other, may be 
used in our laboratory, in working on a sample of oil. If 
we may trust our experience, no single test is final, that is, 
no single test is known to us, by the application of which it is 
possible to say that a sample of any oil is pure and free from 
admixture. On the other hand the Maumené test, described 
below, is, so far as our experience goes, the best single test 
now known. It is susceptible of as wide application as any 
single test known to us, and its results are as valuable. Still 
further the ease of its application, the simplicity of the man- 
ipulation, and the rapidity with which results can be obtained, 
all recommend it to favor. 

Operation. 

Have a bottle of concentrated oil of vitriol, such as is 
described below, at the temperature of 80 degrees F. for all 
oils which are limpid at that temperature. For fats having 
higher melting points, a higher temperature may be used. 
It is essential that the fat to be tested should be limpid, and 
the temperature necessary to secure this result may be used. 
Measure with a pipette into a beaker, which must be per- 
fectly dry inside and outside, such as is described below, 
20 cubic centimeters of the oil to be tested, which must be 
free from moisture. -In some cases, as will be described below. 
less must be used. Introduce a thermometer reading to at 
least 212 degrees F., and by warming or cooling as may be 
necessary, bring the oil, beaker and thermometer to the same 
temperature as the acid. Now by means of a pipette, add to 
the beaker 10 cubic centimeters of the acid. Then grasping 
the beaker near the top, between the thumb and first two 
fingers of the left hand, so as to leave the bottom untouched, 
and at the same time inclining the beaker a little, stir with 
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the thermometer, so as to produce as intimate a mixture of 
the oil and acid as is possible, in as short a time as is pos- 
sible. A reaction immediately follows, accompanied by the de- 
velopment of considerable heat. Observe the thermometer 
from time to time, for which purpose a momentary cessation 
of the stirring is necessary. The temperature will be found to 
rise gradually, until a maximum is reached. Observe and 
make a note of this maximum temperature, and treat the 
figures as described under “Calculations.’”’ A little experience 
enables duplicate determinations to be made, which agree 
within a degree or two, in the maximum temperature found. 
Apparatus and Reagents. 

Plain or lipped beakers about two and one-half inches high, 
and an inch and three-quarters in diameter at the bottom, are 
a convenient size for this test. When a number of different 
ones are used, it is essential that they should be very nearly 
alike in dimensions and weight. Either ordinary chemical or 
milk scale thermometers may be used. The bulb holding the 
mercury should be so short that the oil and acid completely 
cover it. Where a number of different thermometers are em- 
ployed for this work it is essential that they should read alike, 
both at the temperature of starting the operation and at the 
maximum temperature. It is hardly safe to use them as they 
are received from the market, without testing. 

The quality of the oil of vitriol employed is of the greatest 
possible importance. It is rare that two different bottles 
or two different carboys of acid will give exactly the same 
results on the same sample of oil, and concentrated C. P. 
sulphuric acid gives very wild results. Some experiments 
have been made looking toward finding an explanation of 
these irregularities, with the idea in mind of making it possi- 
ble to use any acid, but these experiments have not yet led 
to any satisfactory cenclusion. Accordingly it has been found 
desirable to test the acid from a number of different bottles 
or carboys, with a sample of any oil known to be pure, and 
set aside for future use the bottle or carboy which gives with 
this pure oil, a maximum temperature, corresponding most 
closely with previous practice. If this bottle or carboy is 
kept carefully stoppered the figures given by it can be used as 
long as the supply lasts. When a new supply is needed, the 
same process of selection is repeated, either with or without 
change of the figures showing maximum temperature, as May 
be shown by the experiments. 


Calculations. 


The difference between the initial temperature used at start- 
ing the experiment and the maximum temperature found, 
which may be called for convenience the “rise in temperature,” 
are the figures which are useful in the calculations. It is be- 
lieved that each fixed animal and vegetable oil, in a state of 
purity, has its own characteristic rise in temperature when 
treated as above described. If it is desired, therefore, simply 
to know whether a sample of oil of any kind is pure or not, 
it is, so far as Maumené’s test is concerned, only necessary to 
know whether the rise in temperature given when a sample of 
the kind of oil in question, which is known to be pure, is the 
same as that given by the sample about which information is 
desired, both being tested as described above. If the figures 
given by the pure and the unknown sample are the same, then 
so far as Maumené'stest can tell, the unknown sample is pure. 
For example, if pure lard oil shows a rise in temperature when 
tested as above described of from 78 to 80 degrees F., and no 
other known oil gives this rise in temperature, it is deemed 
safe to assume that any commercial oil which gives this rise in 
temperature is,so faras Maumené’s test can show, pure lard oil. 
As will be explained below, even though the figures given by 
Maumené’s test are satisfactory, the sample in question may 
not be pure oil, and further tests may be needed to decide the 
point. Here we are only illustrating how to use the Maumené 
test. This test likewise has a still further use. If it is known 
that a sample of oil is made up of two kinds ot oil, and if the 
rise in temperature characteristic of each of the constituents is 
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likewise known, the proportions of each in the mixture may 
readily be obtained as follows: Assume the rise in temperature 
of one of the constituents to be (a) degrees F. and of the other 
(b) degrees F., while the rise given by the mixture is (c) de- 
grees F., what is the proportion of each in the mixture? This 
may readily be found by substituting the figures found, in the 
following formula: 


100 (c—a) 


——= per cent. of oil (b), and this being known, the 
( b—a ) 


percentage of the other constituent is found by subtracting 
from 100. The derivation of this formula is readily determined 
algebraically, and is perhaps not necessary here. 


Notes and Precautions. 

It will readily be noted that this test is based on the fact 
that strong oil of vitriol mixed with the animal and vegetable 
fixed oils, develops heat. Considerable work has been done 
trying to explain the reaction between the oil and the acid 
under these conditions. Those interested will find this here 
and there in chemical literature. It is also clear that anything 
which affects the generation of heat or causes loss of heat will 
affect the result. The method of stirring affects the generation 
of heat. Beginners are apt to get results with the self-same 
oil and acid differing from 5 to 10 degrees, apparently due to 
lack of skill in securing an intimate mixture of the oil and 
acid by stirring. Even different experienced operators using 
the same materials frequently get results differing a degree or 
two. It is almost impossible to explain in words how to stir, 
but perhaps the words, “energetic,” “rapid,” and “thorough,” 


in opposition to “sluggish,” “slow,” and “incomplete,” best ex- 
press the kind of stirring required. The length of time from 
the beginning of the operation to the final reading of the ther- 
mometer has an important influence on the result, apparently 
due to loss of heat during the operation. If the stirring is 
properly conducted, of course the length of time required is a 
function of the speed of reaction between the oil and acid, and 
this varies with different oils. With oils of which 20 cubic 
centimeters are used for test as is described above, the reaction 
with proper stirring should be complete, and the final reading 
made in from a minute to a minute and a half from the time 
the stirring begins. Loss of heat may also be occasioned by 
improper touching of the lower part of the beaker, by a 
draught of air, by conducting the test in too cold a room, and 
by using a beaker which has not been properly dried on the 
outside. Still further, the importance of having the oil to be 
tested free from moisture even in very minute amounts, will 
not escape attention, since the great heat developed by the 
mixing of oil of vitriol and water is so well known. 

A number of experiments have been made .ooking toward 
diminishing the loss of heat by enclosing the beaker in some 
non-conducting medium, such as cotton wool. No valuable re- 
sults have been obtained from these tests, apparently because 
when the test is properly conducted, the loss of heat during the 
required time is so small that it can be ignored. As would be 
expected, the appliances for surrounding the beaker with non- 
conducting material complicate the manipulation somewhat. 

As has been stated, the energy of the action of the acid 
on the oil varies with the kind of oil. With the non-drying 
oils, such as olive, lard, neatsfoot, tallow, etc., action is slower. 
With the semi-drying oils, such as cottonseed, it is more rapid, 
while with the drying oils, such as linseed, poppy, and some of 
the fish oils, it is still more rapid and energetic. Also the rise 
in temperature characteristic of the various kinds of oil seems 
to follow the same law, as the energy of the action, viz., the 
non-drying oils give the lowest rise in temperature, while the 
drying oils give highest. Another interesting observation in 
this connection is that with all oils, so far as our observation 
goes, when the temperature reaches somewhere from 200 to 220 
degrees F., and with some oils below these temperatures, a new 
reaction begins, resulting in the disintegration of sulphur- 
ous acid (SO,). This interferes with the-test by frequently 
causing the material to foam up and run ove, the beaker. It 
is, accordingly, necessary when testing such vils as give high 
figures to use less of them for test. The method described 
above applies in amount of oil taken for test, to the non-dry- 
ing oils. When testing the drying oils, or such as give a high 





rise in temperature, use 5 cubic centimeters of the oil instead 
of 20, as with the non-drying oils. The other items of the test 
are alike in both cases, except that in calculating percentages 
figures obtained when using 20 cubic centimeters of an oil can- 
not be used with figures obtained when using 5 cubic centi- 
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meters of the second oil. It is obvious that when calculating 
percentages the figures used must be obtained from each of the 
oils under the same conditions 1n every respect. 

It is clear that when several oils give figures nearly alike, as 
is the case with olive, lard, tallow oil, etc., the certainty with 
which information as to the purity of these oils can be ob- 
tained by means of Maumemné’s test is diminished. For exam- 
ple, it would be practically impossible by means of this test 
alone to say whether a sample of so called olive oil was mixed 
with tallow oil or not, since the rise in temperature character- 
istic of these two oils is so nearly alike. On the other hand if 
a sample of so called olive oil was in reality a mixture of olive 
oil and cottonseed oil, it would be easy by means of this test 
to say that the so called olive was not pure olive oil, since cot- 
tonseed oil gives so much higher rise in temperature than 
olive. Still further, it is obvious that the constituents of a 
mixture being known, the percentages in the mixture are much 
less accurately calculated if the two constituents give figures 
for rise in temperature nearly the same than if these figures 
are wide apart. 

While Maumené’s test does give some considerable help in 
identifying the kind of an oil which one may have in hané@, 
provided that oil is pure, it should be clearly understood that 
it throws very little if any light on the identity of the oils in 
a mixture. And it will not escape notice that by proper mix- 
tures the characteristic rise in temperature of many oils may 
be very closely approximated. For example, a mixture of some 
of the refined petroleums, which give almost no rise in tem- 
perature under Maumené’s test, and cottonseed oil, might be 
made of such proportions as would make the mixture give the 
rise in temperature characteristic of olive oil. Fortunately for 
those who have to do with checking the adulterations and 
sophistications of the market, Maumené’s test is not the only 
one that can be used in such cases. Fortunately, also, for 
those who have to do with not only the testing of oils, but 
also the practical use of them, the fixed animal and vegetable 
oils which are most valuable for lubrication and burning at the 
present time, give with Maumené’s test figures which are near 
the lower end of the series, while the fixed animal and vegeta- 
ble oils which can commercially be used as adulterants of these 
at the present time give figures much higher up in the series. 
Also the most successful drying oils give figures very high in 
the series, while a portion at least of the adulterants of these 
give figures considerably lower down, so that while the indi- 
cations of Maunené’s test, as has already been stated, cannot 
be regarded as final in regard to any oil, it still does give 
much very valuable information. 

It will be evident from what has preceded that figures ob- 
tained by any operator while using Maumené’s test are a func- 
tion not only of the acid, the thermometer and the beaker 
employed, but also in some degree of the operator and the 
surroundings. Still further, our experience indicates that even 
with pure oils of any kind the figures are affected by the pre- 
vious history and quality of the sample. Old oils do not give 
exactly the same figures as fresh ones, an inferior grade of an 
oil does not give exactly the same figures as a better grade, 
a pure oil consisting principally of olein does not give exactly 
the same figures as one containing considerable stearin along 
with the olein. In view of these facts a list of the figures 
characteristic of various oils is not of very great value. It 
may be said, however, as a general guide, that pure winter 
strained lard oil of the best grade made from the fat of corn 
fed animals should, when tested as above described, show a 
rise in temperature of from 78 to 80 degrees F., while pure raw 
linseed oil, properly settled and free from the oil of other 
seeds, should, using 5 cubic centimeters for a test, show a rise 
in temperature of from 105 to 106 degrees F. These figures 
should only be taken as a general guide. The only safe plan 
for an operator using Maumené’s test to follow is to provide 
himself with samples of the various oils he may be called upon 
to test, which he knows to be pure and of the proper grade and 
previous history, and to constantly use these oils as a check 
in his daily work. The obtaining of such samples is not always 
easy, but they seem to be an essential, and if we may trust our 
experience, it is worth the expenditure of considerable energy 
to secure them. 








That “semi steel’ is really not steel at all but toughened 
cast iron is the claim made by Mr. A. E. Outerbridge in regard 
to the alloy that is used to some extent in the manufacture 
of M. C. B. couplers. “Semi steel” is the result of mixing steel 
scrap with pig iron in a cupola and, according to Mr. Outer- 
bridge, the identity of the steel is entirely lost and that of the 
cast iron completely preserved, the resultant metal being 
simply a strong close grain cast iron. The statements have 
not yet been challenged. 
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RECONSTRUCTING LOCOMOTIVES. 





By Francis R. F. Brown. 





The advantages of reconstructing or modernizing locomotives 
are now becoming so generally recognized, and appear to be, 
deservedly, growing so much in favor, that a few words on 
application and results obtained, may be of use to some of the 
readers of the “American Engineer.” Every railroad owns 
some old or obsolete locomotives. The wealthier roads can 
afford to dispose of these and purchase or build modern ma- 
chines, but to the majority of roads the question of recon- 
struction might be well worth consideration. 

Locomotives from fifteen to twenty years old may, generally 
speaking, be reconstructed, the chief parts for renewal being 
the boilers and the cylinders. The boilers, because eighteen 
years may be considered a fair average life for them; during 
this life the fire box will not only have been frequently patched, 
but it will have been renewed once, or more than once, and 
boilers as built eighteen years ago were made of iron and the 
plates were what are now considered to be too light, they 
were also small in size, and carried a low pressure of about 
135 to 140 pounds per square inch. The new boilers might be 
of the extended wagon top type, and of as large size as the 
frames and axles will permit; the boiler pressure should be 
from 160 to 180 pounds per square inch, according to circum- 
stances. 

The cylinders should be renewed, because twenty years or 
80 ago the independent saddle type of cylinder was largely 
used, they were born with a disease to develop sooner or later 
—generally sooner—viz.: “loose cylinders;”’ the older they 
grew the worse became the disease, and the cure for the disease 
is the application of the half saddle type. The new cylinders 
should be either of reduced size or, at the most, of the same 
size as the old ones, which circumstances, such as strength of 
frames, and motion, size of axles, etc., will govern; because, 
generally speaking, till recent years all locomotives were more 
or less over-cylindered. The new cylinders should be pro- 
vided with ample steam and exhaust ports and passages, and 
the valves should be of a modern balanced type. 

The frames should be strengthened by reinforcing the splice, 
and main panel, and adding cross braces and a strong and 
heavy back casting well secured. Cast iron running boards, 
stronger crank pins, and solid end, fluted side rods should be 
adopted. For an illustration of how frames may be strength- 
ened see “National Car and Locomotive Builder” for March, 
1295. 

By this process of reconstruction a new life may be given 
to the locomotive, and its haulage capacity increased from 
15 up to 35 per cent., and the cost of the work is such as to 
recommend it for careful consideration. 

An eight-wheeled road engine, of about 1880 and later date, 
with 16 or 17 inch cylinders, may be reconstructed on the 
lines as outlined above for about $3,250 to $3,600, and an 18 
inch engine of the same type for a sum not exceeding from 
$3,750 to $4,200—these amounts including the necessary heavy 
repairs resulting from such reconstruction. 

As one example of reconstructing passenger engines of the 
eight-wheel type, I will cite the following: The original loco- 
motive for our notice had 18 by 24 inch cylinders; driving 
wheels 69 inches in diameter; boiler with 52 inch shell of the 
old wagon top style; pressure 140 pounds per square inch; 
total weight in working order was about 85,000 pounds, the 
frames were light, the axles 8 inches in diameter, and the 
cylinders of the old independent saddle type, with its charac- 
teristic defects. In reconstruction the frames, wheels, tires, 
axles, and motion were used again; and new boiler, cylinders, 
springs, spring-gear, crank pins and side rods were supplied. 

In deciding upon the size of the boiler and the cylinder pro- 
portions, the strength of the frames and size of axles received 
careful consideration. The boiler adopted was of the “Bel- 
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pounds to the square inch, and still bearing the light frames 
in view, the cylinders were made 17 by 24 inches, and of the 
half saddle type. Balanced valves of the “American” type were 
put in. The engine as reconstructed weighed 110,500 pounds 
in working order, of which 36,500 pounds were on the truck 
and 74,000 pounds on the drivers, The gain in tractive power 
was about 35 per cent. Several locomotives were thus recon- 
structed, and after being in operation for about three years, on 
a mileage of 378,100 miles, the cost of maintenance for running 
repairs was $6,261.38, or about 1.65 cents per mile. In fuel 
consumption, when running against the original engine with 
18 by 24 inch cylinders, and on the same trains, and with the 
same number of coaches, it was found that the reconstructed 
engine ran an aver- 
age of 36 miles to a 
ton of coal, as 
against 31% miles 
run by the original 
engine to a ton of 
coal, showing a sav- 
ing of 13 per cent. in 
fuel in favor of the 
reconstructed engine, 
while on a _ heavier 
train they were dem- 
onstrated to make 
better time with 8 
coaches, than the 
original engine could 
do with 6 coaches. 

The question of re- 
construction is one 
towhich the mechan- 
ical officers of roads 
which have not much 
money to spend on 
new locomotives may 
well devote some of 
their time and ex- 
perience. To roads 
not possessing mod- 
ern equipped boiler 
shops, there are al- 
ways the locomotive 
building  establish- 
ments, from which 
new boilers and cyl- 
inders, side rods, 
etc., of modern de- 
sign and make may 
be procured at rea- 
sonable rates, and 
the moderate expen- 
diture involved inre- 
construction should 
recommend itself to 
the favorable consid- 
eration of “The Man- 
ag ment,” always 
providing that the 
management has ad- 
vanced beyond the stage of believing that the weight of train 
to be hauled depends upon the inches of the cylinder, and of 
insisting on a cylinder larger than is necessary or advisable 
to accompany the larger boiler, and thereby defeating the ob- 
ject of increased haulage power, combined with a decreased 
fuel consumption and cost of maintenance, and causing a repe- 
tition of the old defect, an over-cylindered engine, with the 
added drawback of light frames, and running gear, which were 
the bones of the original locomotive. 
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SAMUEL ROGER CALLAWAY. 


The New York Central & Hudson River Railroad, in calling 
Mr. Callaway to its Presidency, has made a most wise and 
fitting selection. 

He began his railroad career at the age of thirteen, as an 
indentured apprentice office boy in the office of the Treasurer 
of the Grank Trunk Railway of Canada, and it is interesting 
to know that his first year’s salary amounted to $100. At the 
age of nineteen he was a clerk in the office of the Great West- 
ern Railway at London, Ontario, from which he was promoted 
to the position of train master and private secretary to the 
General Manager. In 1874 he came to the United States as Su- 
perintendent of the 
Detroit & Milwaukee 
Railway, and four 
years later he accept- 
ed a similar position 
with the Detroit, 
Saginaw & Bay City 
Railroad. He was 
General Manager of 
the Grand Trunk 
lines west of the St. 
Clair River from 1881 
to 1884, and at the 
same time held the 
office of President of 
the Chicago & West- 
ern Indiana Rail- 
road. He was elect- 
ed Vice-President 
and General Manager 
of the Union Pacific 
in 1884, and held the 
office for three years, 
retiring to take the 
presidency of the To- 
ledo, St. Louis & 
Kansas City, and un- 
der his direction the 
company was reor- 
ganized and the road 
practically rebuilt. 
In January, 1895, he 
was elected Presi- 
dent of the New 
York, Chicago & St. 
Louis, and in Au- 
gust, 1897, he was 
selected to succeed 
the late D. W. Cald- 
well as President of 
the Lake Shore & 
Michigan Southern 
Railway, and April 
27, 1898, he was 
elected President of 
the New York Cen- 
tral & Hudson River 
Railroad. 

The attainments and experience of Mr. Callaway are such 
as to render the road subject to congratulations on the ap- 
pointment, and surely no better opportunity could be of- 
fered him for the exercise of his abilities. His many friends 


will join the “American Engineer,” to which he has been a 
subscriber for a number of years, in the hope that he will not 
end his career by overwork, as President Newell did, but that 
he will live many years to enjoy the fruits of his conscientious 
efforts. 
























AMERICAN ENGINEER, CAR BUILDER AND RAILROAD JOURNAL. 











Mr. John M. Toucey, General Manager of the New York Cen- 
tral & Hudson River Railroad, has res:gned and will retire from 
active railroad work to enjoy a well earned rest. He is 70 years 
of age and entered the service of the Naugatuck Railroad as 
station agent about 50 years ago. He went to the Hudson 
River road in 1855, and in 1862 was appointed Assistant Super- 
intendent. From 1867 to 1881 he was Superintendent of the 
Hudson River Division of the New York Central Railroad, and 
from 1881 to 1890 was General Superintendent of the entire 
system. He was appointed General Manager in 1890, and has 
held the office continuously since. 





The Young Men’s Christian Association of Dunkirk, N. Y., 
is the recipient of a generous gift in the form of the Brooks 
homestead, in Dunkirk, valued at about $90,000. The property 
was given by ‘the heirs of the late Horatio G. Brooks, the foun- 
der of the Brooks Locomotive Works, and it is to be used as 
hospital, library, educational and recreation purposes by the 
association. 





The Carlisle Manufacturing Company’s plant at Carlisle, 
Pa., which has been idle for several years, has been bought by 
Philadelphians, and will ‘be equipped with new machinery. In 
addition to frog, switch and metallic tie work, projectiles will 
be made for the Government. 





The Cramp Ship Building Company recently closed a contract 
with the Russian Government for the building of a heavy 
armored battleship of 12,500 tons displacement and a speed of 
18 knots per hour, to be sustained for a trial of 12 hours, and 
for an armored cruiser for 23 knots speed and 6,100 tons dis- 
placement. These will be the first Russian war vessels to be 
built at any foreign shipyard. 
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OF OFFICIAL CHANGES IN MAY. 





Baltimore & Lehigh.—Mr. G. W. Seidl has been appointed 
Master Mechanic, with headquarters at Baltimore. The office 
of General Foreman of Locomotive Repairs has been abolished. 


Brockville, Westport & Sault Ste. Marie.—At a meeting of the 
Directors, recently held in Brockville, Ont., Mr. James G. Leiper 
resigned as President and was succeeded by Mr. Evans R. Dick, 
of 310 Chestnut street, Philadelphia, Pa. 


Chattanooga Southern.—Mr. E. H. Harding has been ap- 
pointed Master Mechanic, with office at Chattanooga, Tenn., 
succeeding Mr. J. H. McGill, resigned 


Chicago, Burlington & Quincy.—Mr. N. E. Jennison has been 
appointed Assistant Purchasing Agent, with office in Chicago, 
succeeding Mr. George G. Yeomans, promoted. 


Chicago & South Bend.—Mr. C. L. Milhouse has been ap- 
pointed General Manager, with office in South Bend, Ind., suc- 
ceeding Mr. C. W. Stover. 


Cincinnati, Portsmouth & Virginia.—Mr. Evans R. Dick has 
‘been elected Vice-President, with office at Philadelphia, Pa., 
vice Mr. James G. Leiper, resigned. 


Detroit & Lima Northern.—Mr. J. R. Hawkins is General 
Superintendent, with office at Detroit, Mich. The office of Mr. 
C. H. Roser, Chief Engineer and Purchasing Agent, is now at 
Detroit. Mr. J. W. Stokes has ‘been appointed Master Mechanic, 
with headquarters at Tecumseh, Mich. 


Flint & Pere Marquette.—Mr. W. B. Sears.*formefrly Chief 
Engineer, has had his title changed to that of Consulting En- 
gineer, his headquarters remaining at Saginaw, Mich. Mr. G. M. 
Brown, heretofore Superintendent of Roadway and Structures, 
has been made Engineer in charge of bridges, culverts, build- 
ings, interlocking, new construction and standards of mainte- 
nance, with office at Saginaw. Mr. E. Treadwell has been 
made General Roadmaster, in charge of maintenance of road- 
way, with office at Saginaw. Mr. H. E. Moeller, heretofore As- 
sistant Passenger Agent, has been appointed General Passen- 
ger Agent. Mr. A. H. Hawgood has resigned his position as 
Superintendent of Steamships at Saginaw. 

Georgia & Alabama.—The headquarters of Chief Engineer C. 
P. Hammond, at Meldrim, Ga. has been transferred to 
Savannah. 

Georgia.—Mr. Charles H. Phinizy, formerly President of this 
road, died at Augusta, Ga., April 28, at the age of 63 years. 

Great Northern.—Mr. Louis W. Hill has been appointed As- 
sistant ‘to the President, with office at St. Paul, Minn. 

Green Bay, Winona & St. Paul—Mr. Timothy Case, formerly 
General Superintendent of this road, died suddenly in Chicago 
‘May 9, at the age of 75. 

—Mr. G. R. = so has been appointed me- 
Superintendent, vice Mr. F. R. F. Brown, resigned. 





-Lake Erie & Detroit River:— Mr. Owen McKay has been ap- 
pointed Engineer, succeeding the late Chief Engineer Joseph De- 
Gurse, whose death occurred oni March 22. 


Lake Shore & Southern.—Mr. Addison Hills, As- 


Michigan 
~sistant to the President, died at his residence in Cleveland, Ohio, 


May 7, of pneumonia, ait the age of 91 years. 


Maricopa, Phoenix & Salt River Valley.—Mr. B. F. Porter 
has been appointed General Superintendent, with headquarters 
at Phoenix, Ariz. He was formerly Acting Superintendent. 


Minneapolis, St. Paul & Sault Ste. Marie.—Capt. Watson W. 
Rich, formerly Chief Inspector of this road, has been appointed 
Consulting Engineer. Mr. John F. Shaughnessey has been ap- 
pointed Purchasing Agent, with headquarters at Minneapolis. 
Minn., in place of Mr. T. A. Switz, resigned. 

Mobile & Ohio.—Mr. J. J. Thomas, Jr., has been appoinited 
Master Mechanic of the Montgomery Division, with office at 
Tuscaloosa, Ala. 


New York Central & Hudson River Railroad.—Mr. H. J. Hay- 
den, Second Vice-President, will hereafter represent the N. Y. 
Cc. & H. R. R. and its allied lines on the Board of Managers of 
the Joint Traffic Association. Mr. H. Walter Webb having re- 
signed, owing to ill health, the office of Third Vice-President 
is abolished. The office of General Manager is discontinued, 
Mr. J. M. Toucey having resigned. Mr. Nathan Guilford, Gen- 
eral Freight Traffic Manager, will have general supervision of 
all freight traffic, and Mr. George H. Daniels, General Passen- 
ger Agent, of all passenger traffic, reporting direct to the Presi- 
dent. The General Superintendent, Chief Engineer, Superin- 
tendent of Motive Power and Rolling Stock, and the Purchas- 
ing Agent will hereafter report to the President direct. 


New York, Chicago & St, Louis.—Mr. William H. Canniff has 
been elected as President of this road, succeeding Mr. Samuel 
R. Callaway, who has been made President of the New York 
Central & Hudson River. 


New York, New Haven & Hartford.—Mr. W. E. Chamberlain 
has been appointed General Superintendent of the Old Colony 
system, succeeding Mr. E. G. Allen, resigned. 


Norfolk & Western.—Mr. Jos. Longstreth has resigned as 
Road Foreman of Engines to accept a position as Master Me- 
chanic of the Schoen Pressed Steel Co., of Pittsburg, Pa. 


Ohio River & Charleston.—Mr. Simon Davis has been elected 
Vice-President, succeeding Mr. Job H. Jackson. 


Panama.—Mr. F. S. Higbid has been appointed Assistant En- 
gineer. He was formerly Roadmaster of the New York di- 
vision of the Erie. 


Panama.—Mr. Percy Webb has been appointed Master Me- 
at with office at Colon, Colombia, vice Mr. D. G. Mott, 
eceased 


Pennsylvania.—Mr. Daniel s. Newhall, heretofore Assistant 
Secretary, has been appointed Purchasing Agent. 


Pittsburgh, Chartiers & Youghiogheny.—Mr. Jos. Wood has 
been elected President, vice Mr. E. B. Taylor, elected Vice- 
President. 


Richmond & Petersburg.—Mr. Frederick R. Scott, President 
of this road, died at his home in Richmond, Va., Sunday, 
May 15. 

Roaring Creek & Charleston and Roaring Creek & Belington.— 
Mr. Henry C. Terry, formerly Vice-President and General 
Solicitor, has been elected President, succeeding Mr. 8. P. Diller. 
Mr. E. P. Rease is General Superintendent, with office at Beling- 
ton, W. Va. Mr. Thomas Fisher has been appointed General 
Manager, with office in Philadelphia, succeeding Mr. O. W. 
Womelsdorf. 


Sierra Ry of California.—Mr. H. J. Crocker has been elected 
Vice-President, 'with office at San Francisco, Cal.; Mr. S. D. 
Freshman continuing in his office of Treasurer as heretofore. 

Sioux City & Northern.—At the annual meeting held in Sioux 
City, Ia., May 11, Mr. Samuel J. Beals was elected President. 
Mr. Craig L. Wright was elected Vice-President, and Mr. How- 
ard S. Baker, Secretary and Treasurer, all of Sioux City, Ia. 

Tecumseh.—Mr. J. W. Lewis is General Manager of this road. 

Wabash.—The jurisdiction of Assistant Master Mechanic 
Hollingshead, of the Wabash, with headquarters at Ashley, has 
been extended over the car department. 

Washington & Columbia River.—Mr. C. S. Mellen has been 
elected President. 

White River, Lonoke & Western.—Mr. J. N. Wooley, of 
Wooley, Ark., was recently elected General Manager, and Mr. 
Dan Daniel, heretofore Secretary, was elected Vice-President. 
The general office is at Lonoke, Ark. 

Wiscasset & Quebec.—Mr. G. P. Farley has been appointed 
General Manager, with office at Wiscasset, Me., vice Mr. W. F. 
P. Fogg. 
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